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Abstract 
 
 
 This research aims to understand the organization of activities across a prehispanic urban 
center at the Formative period site of Tlalancaleca (800 BC- AD 100), located in Puebla, 
Mexico. This study analyzes soil samples at the central civic-ceremonial complex of Cerro 
Grande in an attempt to understand the use of space. This work is a part of the larger Proyecto 
Arqueológico Tlalancaleca, Puebla (PATP), which is focused on understanding the socio-
political organization at Tlalancaleca that led to this site of early urbanism. Soil samples from 
Tlalancaleca are analyzed using three chemical methods to perform a cross-comparison of 
analytical methods. These three methods are inductively coupled plasma-optical emission 
spectrometry (ICP-OES), Mehlich 3 soil phosphorus colorimetry, and portable X-ray 
fluorescence (pXRF) spectrometry. The final results of this soil analysis confirm that the Cerro 
Grande Complex was an actively used space, with areas maintained for specific uses and areas 
where activities changed over time. In the comparison of methods, ICP-OES was found to be the 
most comprehensive, precise, and accurate method to use, while pXRF and Mehlich colorimetry 
were found to show differing information with regards to available and natural concentrations of 
the different elements. An analytical examination of phosphorus, strontium, calcium, and barium 
revealed evidence of construction of monumental buildings, a cache, and possible separate 
feasting areas, indicating that physical spaces and constructions were likely attached to social 
and political organizations.  
1 
 
 
 
 
 
 
Chapter 1 
Introduction and Research Goals 
 
 
Currently work is underway at the site of Tlalancaleca, a Formative period (800 BC-AD 
100) site located in the Central Highlands of Mexico. This is a unique site for a number of 
reasons. First, it is large for the period during which it was occupied. Second, it has multiple 
clusters of monumental structures, suggesting many different civic-ceremonial centers dispersed 
across this expansive site. While these urban centers are organized within themselves, with 
pyramids and terraces surrounding wide plazas, there is no clear pattern or connection 
demonstrating the employment of roads or alignments between them. This notion suggests the 
site as being one of the earliest forms of urbanism in Mexico, with a large population and several 
areas where public activities likely transpired. Finally, Tlalancaleca appears to have a particular 
relationship with the site of Teotihuacan (Kabata and Murakami 2014a). There are many shared 
features between the two sites, such as the practice of talud-tablero architecture and usage of 
Thin Orange style pottery. The current premise is that Tlalancaleca was one of the earliest cases 
of urbanism in the Puebla-Tlaxcala region, and may have been one of the urban centers that 
aided in the foundation of Teotihuacan, which is considered the first example of intentionally 
organized urbanism in Mexico (Kabata and Murakami 2014a).  
For this thesis, I analyzed soil samples from the largest civic-ceremonial center within 
Tlalancaleca, called the Cerro Grande complex, as a part of a geological prospection of the site. 
Geochemical analysis is one of the many tools that archaeologists now have at their disposal and 
uses the most abundant material at archaeological sites, soil. People impact the landscapes they 
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live on in intentional ways, with activities such as building construction and developing land for 
agriculture. However, people can also impact landscapes in unintentional ways. Through 
different activities, people impact the surfaces on which they live by leaving materials such as 
garbage, food, or even construction materials on the ground (Barba 2007; Middleton et al. 2004; 
Parnell et al. 2001; Terry et al. 2000; Wells et al. 2007). Geochemical analysis is one of the 
methods we can use for understanding how humans impacted landscapes unintentionally. In the 
case of Tlalancaleca, the living surface consisted of compacted soil, which allowed for the 
deposition of chemicals incurred by activities such as preparing food, compiling trash into 
middens, and performing ritual or ceremonial activities. Through the chemical analysis of soils, 
we can investigate different types of activities and uses of space at Tlalancaleca by examining 
the elevated concentrations and combinations of different elements present in the soil matrix. By 
performing this type of analysis on samples collected from soil cores across the Cerro Grande 
complex, I address several questions involving the way by which archaeologists approach 
chemical methods for questions of human activity on landscapes and what the soil can reveal 
about the people who lived at Tlalancaleca.  
 
Theoretical Perspective on Activity Areas and Soil Chemistry 
How physical space is used, organized, and ordered at Tlalancaleca is the question 
underlining this investigation. This is not only for logistical purposes, but because knowing the 
settlement patterns and cultural landscape of a site can provide crucial information on how 
people lived their daily lives. How people change and alter the physical settings around them are 
important aspects of understanding space, and give us the means toward greater understanding of 
the activities that took place (Giddens 1984). By recognizing how people lived their daily lives, 
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we can begin to recreate how they organized those lives within a larger cultural system.  In my 
approach of investigating the areas of activity within the Cerro Grande Complex, I draw upon the 
literature and theory behind archaeological activity areas and their chemical residue connections, 
the built environment, and urban design to frame my research goals and later results. Soil 
surveys in archaeology allow for a clearer visualization of the places where humans impacted 
their environment through different activities. A comprehensive insight regarding these areas of 
activities can then allow for the interpretation of how people lived and the ways in which they 
specifically structured their environment.  
 
Soil Chemistry and Activity Areas 
Theoretical approaches that view social factors as interwoven into the physical landscape 
are the best avenue by which we can interpret chemical data from archaeological soils. Human 
activities on landscapes are preserved through "soil memory", or the physical, biological, and 
chemical altercations in the soil from these human impacts (Wells 2006; Wells et al. 2007:211). 
The physical spaces where these two concepts of human activities and soil memory converge are 
called activity areas, which I define as an area where humans performed action(s) that resulted in 
the intentional or unintentional impact to soils, evidenced in part by the elevation of specific 
elemental concentrations. In this way, the soil chemistry is an expression of human agency, 
reproducing their daily activities and rituals (López Varela and Dore 2010). These chemical 
residues became trapped in the soil's surface during the time of archaeological occupation, and 
are representative of natural and human processes. When deciphering which is which, the middle 
range theoretical perspective of enthoarchaeological studies should be employed (López Varela 
and Dore 2010). This kind of ethnoarchaeological study has been performed by Luis Barba and 
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has been used in the reconstruction of many Mesoamerican household activities (Barba and Ortiz 
1992; Manzanilla and Barba 1990).  This approach, along with studies that compare chemical 
residue measurements to known archaeological features and activities (Cook et al. 2006; Oonk et 
al. 2009; Wilson et al. 2008), have provided a great deal of information about the chemical 
signatures that humans imprint on landscapes during their daily lives. 
By using soil chemical data, or soil memory, to isolate activity patterns, I can infer social 
dynamics and the organization of space from the point of view of the plaza and the areas that 
were intentionally built around them. Through soil chemistry, archaeologists can understand if a 
space was segregated for a specific use, helping to understand its importance in the built 
environment. In previous studies, a general difference can be seen between ceremonial and 
residential compounds with contrasting levels in chemical concentrations that are related to 
specific activities (Wells et al. 2007). By observing the variations through space to understand 
the use of plazas and other defined areas, anthropologists can then look toward their meaning for 
the people who utilized them (de Certeau 1984; Lefebvre 1991). Additionally, soil chemistry can 
help locate activities at archaeological sites where few or no material evidence remains (Wells 
2004). After soil chemistry has given insight to the construction and use of civic-ceremonial 
spaces at Cerro Grande, I can begin to parse out social relations, power dynamics, and the roots 
of urbanism at Tlalancaleca. 
 
The Built Environment 
 Archaeologists use the physical relationships between humans and the environment to 
understand how the people who created a site perceived the world around them within their 
culture system. This is due to the nature of humans actively inhabiting spaces through constant 
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use, intentional disuse, or regular maintenance (Ashmore 2002: 1172). This can be understood as 
culture being “spatialized” within a physical area, tying social relations and social practice to a 
location, and allowing for archaeologists to understand the social production of space (Low 
2000). This production of space is also referred to as the 'built environment', and is the 
intentional manipulation of space for a cultural purpose. These built environments can be seen as 
places where social identities and power relations are negotiated through the active manipulation 
of the landscape by sociopolitical and economic forces (Murakami 2014). With this kind of 
theoretical approach, which views social factors as interwoven into the physical landscape, soil 
chemical data can be used to understand settlement patterns and help to specify what kinds of 
activities took place in different areas of a site. From this, social dynamics and the organization 
of a site can be inferred from the areas that were intentionally utilized. 
 Of particular interest to me are the areas that the Proyecto Arqueológico Tlalancaleca, 
Puebla, called the PATP, currently recognizes as plazas, terraces, and areas where special 
activities may have occurred, as well as the neighboring areas where people may have lived to 
associate themselves with these special places. The idea of power relations being tied to space is 
critical for this research, due to its focus on a specific area of monumental construction at a civic-
ceremonial center. The areas of analysis within this research are a combination of open spaces, 
bounded large areas, or places constricted by monumental buildings. All of these places can be 
seen as dynamic places of aesthetic, political, and social forces (López Varela and Dore 2010; 
Low 2000). While terraces and platforms are often given this kind of credence, sometime plazas 
can only be seen as "empty spaces". However, plazas are not, and were not, simply gaps in 
architecture, but built and maintained spaces that people created and used for specific purposes 
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(Inomata and Tsukamoto 2014). In looking at the plazas and the adjoining spaces, we can begin 
to achieve a holistic view of how space was actively used at Tlalancaleca. 
 The built environments of civic-ceremonial complexes are places where social identities 
and power are represented in the physical landscape (Murakami 2014). Physical spaces are 
controlled and used to define or redefine power relations, while at the same time exerting their 
own reflections onto social structure (Giddens 1984; Meyers and Carlson 2002). The raising and 
restricting of spaces physically stratifies places, reflective of the social structure that either 
formed from or created the physical alteration (Joyce 2004: 15). At its core, this idea rests on 
practice theories of structure and agency, with social agents striving for organization of space to 
reflect the social structure of power, which consequentially both enables and constrains the social 
agents in future actions (Bourdieu 1977; Giddens 1979, 1984; Sewell 1992). Following this line 
of reasoning, the intentionally constructed Cerro Grande Complex of Tlalancaleca is a space 
inundated with social structures.  
 In Formative Mesoamerica, monumental buildings are often seen as components of 
"sacred landscapes" (Joyce 2004: 8), which had prestige and power tied to them. By setting these 
spaces aside as sacred, there is a creation of divided spaces with potential differences in who is 
allowed to access these spaces. These spaces can present information on either the elite group, 
the population of the site as a whole, or the cultural trends of a region, as demonstrated by 
Murakami's analysis of plazas as tangible means to understand intangible archaeological 
activities (Murakami 2014). Factors such as size and number of access points can give an idea of 
how public or private the use of the space was, hinting at its role in a civic or ceremonial center 
(Foucault 2007; Inomata 2006; Murakami 2014; Rabinow 2003; Tsukamoto 2009). Through the 
demonstration of spatial control, we can see the production and reproduction of power relations 
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and see the spatial dimensions of social and political dynamics (e.g., Joyce 2004; Murakami 
2014). We can acknowledge these kinds of spaces simply by examining the visible architecture 
at Tlalancaleca, I can also use the chemical remains of activities left behind in the soil to evaluate 
the extent to which these are in fact differentiated areas with intentions of power tied to them. 
 
Urban Design 
Once the role of different spaces of urban complexes is understood, we can begin to 
investigate how the people of Tlalancaleca gathered and created the city that we know so little 
about. The PATP is additionally interested in finding the roots of urbanism in Central Mexico, 
particularly since Tlalancaleca appears to be tied to the founding of one of the most famous 
ancient cities, Teotihuacan (García Cook 1981; Kabata and Murakami 2014a). Often, ceremonial 
or civic plazas are located centrally in both ancient and modern Mexican cities, surrounded by 
religious and government buildings (Low 2000). In addition, smaller plazas would be spread 
throughout a city or settlement, surrounded by houses and are believed to be the focus of local 
community life (Hendon 2010). The formation of a ceremonial center with a public plaza may 
indicate the transition to higher levels of social stratification, new rituals, and reorganization of 
activities and social practices, all of which are often seen at the start of urbanization (Inomata 
2014: 20).  
There are many ways to detect social stratification in the archaeological record. The 
transition from village organization to settlement with a central area of civic or ceremonial 
structures is seen as marking the transition from autonomous villages to a population under a 
central authority (Evans 2008: 101). This demonstrated that even if it is not well developed, there 
is some degree of social inequality (Evans 2008: 101). Inequality appears in artifacts, such as 
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grave goods and luxury items in domestic contexts (Evans 2008: 101). Elaborate ceramics have 
been found through surface surveys of Tlalancaleca, demonstrating a second line of evidence 
which when combined with the documentation of the construction of monumental structures 
suggests that inequality was present at Tlalancaleca (Kabata and Murakami 2014b: 1). The 
question remains, was this inequality a cause or consequence in the development of urbanism? If 
I can determine how space was segregated or used at Tlalancaleca in the early stages of its 
settlement, then the PATP can infer if there was inequality in the use of space as well. The 
stratified use of space in early stages at Tlalancaleca could help clarify the extent to which 
inequality was a cause or consequence. 
 Further, the development of urban sites cannot be understood to the fullest extent without 
taking individuals into consideration (Cowgill 2004: 528). People influence the landscape they 
live on and the cultures they live in through practices, perceptions, and experiences (Cowgill 
2004: 528). With this concept, we can use soil chemistry as a way to access these experiences 
and practices through the microscopic remains that humans left behind from different activities 
and uses of space. In knowing how the landscape was built, we can begin to tease out why these 
practices were performed in these areas. This can begin to give us insight into the instruments 
used for legitimizing or constructing authority (Cowgill 2004: 528).  
 In a site so early in the history of Mesoamerica, an understanding of urbanism at 
Tlalancaleca can help archaeologists to understand how these factors may have been a part of the 
formation of the many other famous states throughout the region. If we can better understand the 
use of the central spaces of Tlalancaleca through geochemical analysis, then we can begin to 
better understand how these areas fit into the larger scheme of the urban center of Tlalancaleca. 
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Understanding this will give archaeologists a better idea of how the people of this region 
coalesced into a massive city. 
 
Research Goals 
 For this inquiry, I address three research questions. The first research question asks: Can 
we determine any changing patterns of activity organization over time? Furthermore, can we 
draw any conclusions about the use of different spaces within the Cerro Grande Complex that we 
can extrapolate to draw connections as to the organization of space? Also, can these activity 
groupings give us any indications about the power and social relations at Tlalancaleca as clues to 
the start of urbanism within this city? Unfortunately, this last question will likely remain 
unanswered until excavations and further lines of evidence are examined at Tlalancaleca, but 
perhaps the geochemical analysis can begin to frame questions for future research.  
 Second, I seek to understand how accurate, precise, and effective the chemical methods I 
am employing are. The Mehlich soil colorimetry, pXRF, and ICP-MS each approach measures 
phosphorus and other archaeologically associated elements in different manners on a technical 
and chemical level, but how different are the results from each other? Each of these techniques 
are capable of measuring the elements of interest which represent different activities, but I am 
interested to learn if these can each give repeatable results of the same sample, indicating that 
each can be used with the same validity. I also will address if these methods can detect 
significant differences in the concentration of phosphorus, the most commonly studied element, 
across an archaeological site, meaning that even if the raw data vary between methods, can it 
give relatively similar final results? Ultimately, the aim of working with three different methods 
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will tell me if the results of each of these studies can give workable data from which to draw 
conclusions about human activities.  
 The final question explores what each of these different methods can tell us about the 
activity organization at Tlalancaleca. What story does each of these methods tell about settlement 
development within the Cerro Grande Complex? Once reliable data have been produced from the 
chemical analyses, the data can be placed into the spatial context that it came from by creating 
maps of the Cerro Grande Complex. These maps demonstrate the concentration of elements 
across the space and can be used in interpreting the data. This will be used to reveal how 
activities were organized at the Cerro Grande Complex. If possible, I can then extrapolate 
outwards, drawing conclusions about the use of space and what this meant for the organization 
and use of the built environment. 
 
Summary of Chapters 
 In Chapter 2, I present the site of Tlalancaleca, from its regional cultural context to the 
geological substrate, and the project focused on its study, the Proyecto Arqueológico 
Tlalancaleca, Puebla. In Chapter 3, I discuss the background of soil chemical analysis in 
archaeology as well as the differences between the methods I used in my analysis. Chapter 4 
discusses the methods performed in conducting my research, including the field method of soil 
survey and the three chemical methods employed in the laboratory analysis. The results from the 
chemical analysis are presented in Chapter 5, along with interpretations of what these may mean 
in their context at Tlalancaleca. The three chemical methods I used are all different in their 
processes of measuring elemental concentrations of archaeological residues within soils, and thus 
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require a cross-comparison, presented in Chapter 6. The final chapter draws conclusions about 
this research and presents future questions and lines of investigation.   
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Chapter 2 
Tlalancaleca, a Formative Period Central Highlands City in Mexico 
 
 
The ongoing work at the site of Tlalancaleca is a part of the Proyecto Arqueológico 
Tlalancaleca, Puebla (PATP, or Tlalancaleca Archaeological Project), directed by Dr. Tatsuya 
Murakami (Tulane University) and Dr. Shrigeru Kabata (Universidad de las Américas-Puebla). 
The project seeks to understand the sociopolitical and economic processes that promoted 
urbanism and state formation in Central Mexico. The first fieldwork season occurred in the 
summer of 2012, discovering new information about the development of the community and its 
relationship with Teotihuacan. Work began again in the summer of 2013, which is when the 
fieldwork for my soils research took place. Fieldwork continued in the winter of 2013 and 
summer of 2014 with further mapping, surface collections, and excavations. The only 
investigation of Tlalancaleca to occur before the work of the PATP was that of Ángel García 
Cook, who performed a walking survey of the site and test excavations in the 1970s (García 
Cook 1973, 1981). This survey gave a basic understanding of Tlalancaleca, but much more has 
been learned and will continue to be unearthed through the efforts of the PATP.  
 
The Formative Period Puebla Region  
 Before delving into the research done at Tlalancaleca, we need to first understand the 
context from which this site arose. Tlalancaleca is a Formative period site in the Central Mexican 
Highlands, located on the edge of the Puebla Valley (Figure 2.1). The beginning of this period is 
defined at the earliest by the first appearance of pottery (approximately 1800 BC), but the end is  
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Figure 2.1. Location of Tlalancaleca within Mexico 
 
 
a somewhat more difficult line to draw (Coe and Koontz 2008: 40; Grove 2008: 148). The end of 
the Formative is defined by the creation of large cities and monumental structures, which appear 
at different times in different regions of Mesoamerica. The change from Formative to Classic 
occurring at AD 250 in the Maya areas and at AD 150 in Central Mexico with the appearance of 
Teotihuacan (Coe and Koontz 2008: 40). This long period is broken up into three parts, the Early 
(1800-1200 BC), Middle (1200-400 BC), and Late (400 BC- AD 150) Formative. In the Puebla-
Tlaxcala Valley, these periods are further renamed into regional phase names: Tzompantepec 
(1600-1200 BC), Tlatempa (1200-800 BC), Texoloc (800-400/300 BC), Tezoquipan (400/300 
BC- AD 100), and Tenanyecac (AD 100-650) (Evans 2008: 16, 128; García Cook 1981). 
Tlalancaleca was occupied during the Middle and Late Formative, with possible occupation 
through to the next epoch of Mesoamerica, the Classic Period. This corresponds to the Tlatempa, 
Texoloc, Tezoquipan, and Tenanvecac phases (García Cook 1973, 1981).  
 The Formative Period is the age during which farming became the main way of life and 
was so successful that it could feed large amounts of people (Coe and Koontz 2008: 39). Maize 
Tlalan
caleca 
Tlalancaleca 
14 
 
became the cornerstone of food in Mesoamerica, with the practice of domestication making it a 
securely large yield crop (Coe and Koontz 2008: 28-29; Evans 2008: 53). With the ability to feed 
many people, sedentary villages and hamlets began to sprout up all across Mexico (Coe and 
Koontz 2008: 39). In the Tlaxcala-Puebla area, these hamlets are typically defined by linear 
arrangements of structures, similar pottery, agriculture, and similar religious beliefs (García 
Cook 1981). This occurred in the early part of the Formative period, from 1600-1200 BC, and 
continued into the Middle Formative with villages growing in size as well as showing evidence 
of social inequality (Evans 2008: 150; García Cook 1981).  
 In the Middle to Late Formative, social inequalities become more evident in the Puebla 
Valley, through the continued growth of villages and evidence of higher status houses, which are 
built on higher ground with better construction materials, such as adobe in place of wattle-and-
daub (Evans 2008: 168; García Cook 1981). During this time we also begin to see small 
platforms and altars likely used in religious ceremonies (García Cook 1981). Social inequality 
also became more prevalent in this period, with the presence of three distinct social groups: 
religious leaders, farmers, and artisans (García Cook 1981). It is during the Late Formative that 
we begin to see the now iconic temple-pyramid appear across the central highlands (Coe and 
Koontz 2008: 51). By the end of the Formative, pyramids had become nearly universal and were 
located at the centers of large towns and settlements, with several tiered platforms becoming 
typical constructions (Coe and Koontz 2008: 51; García Cook 1981).This transformation neatly 
depicts the changes in social constructions as well, with small villages made of farmers from the 
Early Formative transforming into complex hierarchical societies with rulers who had the ability 
to centralize and organize populations in order to build these monumental works by the Late 
Formative (Coe and Koontz 2008: 52; García Cook 1981). We can see the transformation from 
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small farming communities into centers with central powers again in the access to resources of 
these individual settlements. The highlands within each valley of the Central Highlands had a 
variety of resources distributed unevenly, which also allowed for the individual villages to have 
different commodities than the surrounding populations (Grove 2008: 123). This inequality of 
resources provided a means for transformation from communities being primarily agricultural 
settlements to having enough food to have craft specialization and trade with nearby centers with 
different resources and commodities (Grove 2008: 123).  
 During this time, urbanism began to take shape in the central highlands. These early 
urban sites had substantial populations and low-density settlement patterns that contained one or 
more civic-ceremonial complexes. Only a few sites had clear streets or avenues, which became 
more prevalent in later sites such as Teotihuacan (Coe and Koontz 2008: 59). Again, these were 
governed by a ruling class that were the intermediaries between the deities and general 
population, with the monumental structures at the center of it all (Coe and Koontz 2008:59). 
These monuments thus were not only symbols of power, but of religion and were imbued with a 
great deal of symbolism (Coe and Koontz 2008: 59). Public architecture was rare in the nearby 
Basin of Mexico, but several sites in Central Mexico before the Late Formative became involved 
with the construction of centers, cities, and monumental structures such as pyramids, a clear step 
towards urbanism and the nucleation of populations (Grove 2008: 148). These beginnings of 
urbanism additionally took place during a time of lower rainfall, meaning that farming required 
irrigation to maintain the amount of food required to support these population centers (García 
Cook 1981; Grove 2008: 150). Irrigation systems required organized labor, creating yet another 
force to pull people together in these urban centers (Grove 2008: 150).  
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Geology of the Central Highlands 
 Tlalancaleca is located in the Central Highlands of Mexico, at an elevation of 
approximately 2500 m above sea level, sitting on the Trans-Mexican volcanic belt. This belt runs 
80 km nearly east-west, consisting of a chain of volcanoes and an area of elevated tectonic 
activity (Schaaf et al. 2005: 1243). The volcanic nature of this region is thus the base for all 
geological studies at Tlalancaleca. The two volcanoes nearest Tlalancaleca are the older 
Iztaccíhuatl (5272 m above sea level), on who's slopes Tlalancaleca sits, and Popocatépetl (5452 
m above sea level) located 10 km to the south (Schaaf et al. 2005). Both are stratovolcanos 
separating the Puebla Valley from the Basin of Mexico, and while Popocatépetl remains active 
today, Iztaccíhuatl is now dormant.  
 The civic-ceremonial core of Tlalancaleca is located on an ancient lava flow that spurs 
out from the eastern slope of the volcano Iztaccíhuatl (García Cook 1981), shown in a 
topographic map of Tlalancaleca (Figure 2.2, Kabata et al. 2013: 9). The site comprises the 
entirety of the elevated area, bounded by deep ravines, called barrancas, on the north, south, and 
eastern steep rocky slopes which have been formed by water runoff from the mountain (Figure  
 
 
 
Figure 2.2. Topographic map of Tlalancaleca (Kabata et al. 2013: 9) 
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2.3). With the site located in such close proximity to volcanoes, nearly all exposed rocks on the 
surface are volcanic (Cornwall 1970). While evidence of volcanic activity can be seen nearly 
everywhere, volcanic deposits are not evenly distributed over the area due to a number of 
variables (Cornwall 1970). Factors such as wind can cause ash to fall far from its original source 
and can potentially redistribute it even further after the initial eruption (Cornwall 1970). In the 
stratigraphy discovered from excavations at Tlalancaleca, there are layers of white rocks that 
occur between two and four meters in different areas of the sites, which could be evidence of 
volcanic eruptions from Popocatépetl (Kabata and Murakami 2014a: 100). However, since these 
layers do not form across the entire area of site, it is difficult to draw any conclusions about an 
eruption occurring during the occupation of Tlalancaleca at this time. 
 
 
 
Figure 2.3. Example of a barranca at the northern edge of Tlalancaleca 
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 Work has been done to analyze the stratigraphy of the Central Highlands, looking at the 
environmental history of the area during the Pleistocene and Holocene. One study documented  
the stratigraphy in the Tlaxcala block, which is a part of the Trans-Mexican Volcanic Belt, 
located close to Tlalancaleca. The modern soil layer was found to a depth of 30 cm, consisting of 
greyish-brown soil with occasional artifact inclusions (Sedov et al. 2009: 452). Next, a Grey Unit 
was found, consisting of two grey paleosols, found to a depth of 3 m (Sedov et al. 2009: 452). 
Below this layer, a Brown Unit extended from 3-11 m below surface, followed by a Red Unit 
layer from 11-15 m below surface (Sedov et al. 2009: 452). The research at Tlalancaleca is 
entirely contained within the modern layer and Grey and Brown Units according to this 
stratigraphy. The silt and sand values present in the sample allow for optimal absorption of the 
chemical signatures which identify human activity areas due to the nature of soil grains of these 
sizes.  
 Another study of the Puebla-Tlaxcala area looked into the soil stratigraphy and formation 
processes in order to separate undisturbed soils from those of human influence (Heine 2003). 
This study found a variety of soil features in the Puebla Valley, including erosion of top soil, 
development of deep barrancas (gullies), linear and sheet erosions, fluvial accumulation, 
volcanic sedimentation, volcanic ash soils, and slope colluviums (Heine 2003). Several of these 
features are present at Tlalancaleca. As stated previously, the majority of Tlalancaleca is 
bounded by barrancas formed from rapid water flows off of the Iztaccíhuatl slopes. In the area of 
Tlalancaleca, we can see specifically that fluvial accumulation of sand, linear and sheet erosion, 
bedrock erosion, slope colluvium, and lava flows are present (Heine 2003: 237). The northern 
Puebla region was further studied in this analysis to determine the formation of soil deposits and 
slope development, and can be used as a guide for how soil would have formed at Tlalancaleca. 
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The valleys in the area formed about 20,000-22,000 years BP, and stopped during the early Late 
Glacial period (Heine 2003). Becerra deposits formed during the late Glacial and into the Early 
Holocene (Heine 2003). Next, soil erosion started at approximately 700 years BC, and continued 
during the Texoloc and Tezoquipan phases. After AD 1000, an eolian cover sediment was 
deposited from the ash fall of the Popocatépetl eruption from this time (Heine 2003).  
 A variety of these activities were likely occurring around and on top of the tepetate sterile 
base layer of Tlalancaleca, which was found in excavations of a plaza at the site (Kabata and 
Murakami 2014a). Tepetate is a type of brittle volcanic rock or volcanic tuff, and forms the 
bedrock of the spur of Iztaccíhuatl that Tlalancaleca sits on. We can infer that the soils on top of 
this volcanic base were formed through a combination of fluvial accumulation, erosion from 
higher slopes of Iztaccíhuatl, bedrock erosion, eruptions from both Iztaccíhuatl in the distant 
past, and tertiary (andesite) and quaternary (basalt)  volcanic materials from Popocatépetl in 
more recent and archaeological times. 
 
Previous Research at Tlalancaleca 
From the earlier research, we know that Tlalancaleca is a Formative Period site in the 
state of Puebla, Mexico, with known occupations during the Middle, Late, and Terminal 
Formative, and possibly in the Early Classic (García Cook 1981; Kabata and Murakami 2014b). 
The first work on Tlalancaleca was a pedestrian survey and test excavations by Ángel García 
Cook in the 1970s, during which preliminary information of Tlalancaleca and the context of the 
surrounding Puebla-Tlaxcala region was outlined (García Cook 1981). In the periods before 
Tlalancaleca, known as the Tzompantepec (1600-1200 BC) and Tlatempa (1200-800 BC) 
phases, settlements were typically classified as hamlets and small villages (García Cook 1981). 
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In the Texoloc phase (800-400/300 BC), Tlalancaleca appeared on the map as a larger site than 
one of these small settlements (García Cook 1981). During this time, settlements in the Puebla 
region became more elaborate, with complex social implications, demonstrated by changing 
ceramic types, architectural features, and settlement size and distribution (García Cook 1981). 
Tlalancaleca was a contemporary of the nearby centers of Xochitécatl (Serra Puche 1998; Serra 
Puche et al. 2001), La Laguna (Carballo 2009), and Tetimpa (Plunket y Uruñuela 1998, 2005) in 
the Puebla region, all of which have been studied much more extensively (Figure 2.4, Kabata and 
Murakami 2012: 2). García Cook determined that it was during the Tezoquipan Phase (400 BC-
AD 100) that Tlalancaleca reached its peak as a "city-state" and declined, with the following 
Tenanyecac phase (AD 100-650) showing a return to rural living in the Puebla Valley (García 
Cook 1981).  
 During the peak of Tlalancaleca, the Puebla Valley was extremely diverse, with 
population centers exhibiting differing degrees of interaction from the valleys of Teotihuacan, 
Oaxaca, and México (Murakami and Kabata 2012). These interactions with communities such as  
 
 
 
Figure 2.4. Location of Tlalancaleca in comparison to nearby sites (Murakami and Kabata 2012: 
2) 
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Tlalancaleca are reflected in shared architectural styles, including the talud-tablero style that is  
now seen as synonymous with Teotihuacan culture (Murakami and Kabata 2012). Talud-tablero  
is an architectural feature where sloped surfaces are interrupted by platforms, often found on  
ceremonial architecture. However, these shared traits are not seen at all communities in the  
region (Plunket y Uruñuela 1998, 2005). Since there were different trade networks between local 
sites, it is possible that various sites competed with one another, as archaeologists have seen in 
cases during the Late and Terminal Formative (Rosenswig 2000). This is represented in some 
cultural traits being found at some sites, but not at other neighboring centers. 
In addition to its larger role in the Puebla Valley, Tlalancaleca is intriguing for its city 
planning, with no clearly defined streets, mounds and major structures that are oriented on an 
east-west axis with the mountain of Malinche, and multiple potential civic and ceremonial 
centers spread throughout the settlement (Kabata et al. 2013). These multiple centers within  
Tlalancaleca are suggested to be a representation of the complex social organization, potentially 
with residential areas being interspersed between ceremonial centers (Kabata et al. 2013). This 
multi-center settlement pattern at Tlalancaleca is a unique feature for its time period, driving the 
PATP to investigate the social and political organizations of the site.   
 
The Proyecto Arqueológico Tlalancaleca, Puebla (PATP) 
Over the past several years, Murakami and Kabata have been researching Tlalancaleca 
and its significance as a part of the Central Highland region of Mexico. This is done through the 
Proyecto Arqueológico Tlalancaleca, Puebla, which is dedicated to archaeological investigations 
at the site and the involvement of local and regional interest groups. The PATP has a number of 
goals in its research at Tlalancaleca. First, it is important to note that the project strives to 
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involve the community of San Matías Tlalancaleca, the closest modern town to the 
archaeological site. Through involvement at the local museum of Tlalancaleca, invitation of 
members of the community to work with the archaeologists, and the goal of producing 
information about Tlalancaleca for the local community, the PATP strives to include and inform 
all interested residents on the discoveries made during archaeological investigation. Community 
involvement in the project is not just critical for the sake of cultural heritage, but also for legal 
purposes. The majority of the site is currently in use as agricultural fields, primarily corn. The 
PATP maintains a good relationship not only with the national body of the Instituto Nacional de 
Antropología e Historia (INAH), but with local governments and important community members 
as well in order to continue work and not disturb the local agricultural business. 
 In striving to learn Tlalancaleca's place in Mexican archaeology, there are several 
research initiatives for the PATP. The primary research question for the current fieldwork is 
focused on the connection between Tlalancaleca and Teotihuacan (Kabata and Murakami 
2014b). However, so little is still known concretely about the site that research into the culture 
history of Tlalancaleca is ongoing as well. Through a number of techniques, the archaeologists of 
the PATP are documenting the different periods of occupation, trade networks, and spheres of 
association of Tlalancaleca through the study of the settlement design of the site and the artifacts 
recovered. The first on the ground research performed at Tlalancaleca took place in the summer 
of 2012 with digital mapping of the site with a total station and a ground survey (Kabata and 
Murakami 2014b). The ground survey, along with a systematic surface collection, was done as a 
preliminary analysis of Tlalancaleca, since this method is both non-invasive and rapid compared 
to excavation. In the field season of 2013, a different method was used in the pursuit of 
understanding the layout and organization of Tlalancaleca. The PATP undertook geochemical 
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prospection through a soil survey consisting of manual bucket auger probes and continued the 
creation of a detailed map of the site with a total station (Kabata and Murakami 2014b). I 
conducted this geochemical prospection through the collection of auger probe samples and 
chemical analysis of soils for this thesis. We focused this soil survey on an area called the Cerro 
Grande Complex, one of the largest architectural complexes of Tlalancaleca, containing the 
largest pyramid of the site, and thus is currently assumed to be the most important center. The 
complex consists of several terraced areas, plazas, two megalithic structures, two small mounds, 
and the Cerro Grande Pyramid (Figure 2.5, Kabata et al. 2013: 12). The focus of the analysis in 
this thesis is on two areas: between the two megalithic structures and a portion of the plaza north 
of Cerro Grande and the area just east of the megalithic structures which consists of a terrace and 
two plazas. 
 Currently, the PATP is undergoing the excavation of stratigraphic units in the main plaza 
of the Cerro Grande Complex, located just west of the Cerro Grande Pyramid, with several units 
completed by the spring of 2014 (Kabata and Murakami 2014b). These excavations have several 
objectives, all of which are attempting to understand the role of Tlalancaleca in the greater  
 
 
 
Figure 2.5. Cerro Grande topographic map (Kabata et al. 2013: 12) 
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Puebla-Tlaxcala region. Through the recovery of ceramics in an archaeological context, the  
PATP hopes to complete a micro-chronology of the site and better understand its occupation  
 (Kabata and Murakami 2014a). While a previous ceramic chronology for the Puebla-Tlaxcala  
region has been proposed by García Cook and Merino (2005), modifications need to be made in  
order to have a Tlalancaleca specific chronology (Kabata and Murakami 2014a). Obsidian is also  
a material of interest, since it can be traced to specific sources and was widely traded through the  
Puebla-Tlaxcala region. The PATP is currently analyzing obsidian recovered both from surface 
collection and excavations in order to reconstruct Tlalancaleca's trade network and spheres of 
exchange (Kabata and Murakami 2014a). 
 In performing these variety of methods at Tlalancaleca, it is important to keep the land 
use history in mind. Different uses of an archaeological site over time have the potential to 
drastically impact what evidence we find through either soil surveys for geological prospection 
or excavations. While we do not know a great deal about the use of the Tlalancaleca area after 
the site was abandoned, we do know how it is used today and in recent times. At the eastern most 
point of the plateau that Tlalancaleca sits on, a small chapel was constructed next to a spring and 
an archaeological stela. This is used by the people of San Matías Tlalancaleca as a religious 
location, demonstrating the sacred nature of the site that lives on today. The main plaza of the 
Cerro Grande Complex is also still in use today as a place where locals come to have picnics and 
parties (Figure 2.6). We witnessed this on several occasions while conducting the soil survey and 
is marked in the remains of glass bottles and caps found in the first stratigraphic layer of 
excavation (Kabata and Murakami 2014a). There also is a large modern hole in the middle of 
this plaza which has been used as a cooking pit for gatherings.  
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 Outside of this plaza, the majority of the site is used as agricultural fields, primarily for 
corn and a variety of other vegetables such as beans and squashes (Figure 2.7). While animals 
are not seen grazing here, herds of sheep, cows, and donkeys often pass through the area. These  
 
 
 
Figure 2.6. The main plaza, located west of Cerro Grande Pyramid (right) and south of a small 
mound (left) 
 
 
 
Figure 2.7. Taking an auger probe on the East Terrace, currently in use as a cornfield 
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modern uses affected our sample design of the soil survey in a number of ways. First, since we  
had previous knowledge that many of the areas we were surveying had been used or are currently 
in use as agricultural fields, we intentionally began the collection of soil samples at 1 m below 
surface. This was to avoid any signatures that may be associated with the agricultural practices of 
the land, either from the planting of crops or the animals that pass through. Additionally, many 
areas where we had intended to survey were in use as agricultural fields.  In an effort not to 
trample or negatively affect the crops, we altered the several sample locations to uphold 
contracts with local business men to not impact their fields. 
From the research completed by the PATP so far, we now have a much better picture of 
Tlalancaleca. As excavations and cores were completed at depths below modern use, in situ 
artifacts were discovered, including ceramics, lithics, bones, adobe, construction materials, and 
mortar (Kabata and Murakami 2014a). Additionally, architectural features were discovered. 
Adobe walls were found in many units located at the base of the Cerro Grande Pyramid and 
within the main plaza (Kabata and Murakami 2014a). These walls predominantly are aligned 
with the four cardinal directions, with evidence that previously used construction materials were 
used as fill between walls (Kabata and Murakami 2014a). While this is not a wealth of 
information, we can now say with certainty that there were adobe walled construction cells on 
this plaza. These were likely used as fill for platforms or mounds, raising the floor level from 
plaza. In addition, the orientation of these structures and all monumental structures of the Cerro 
Grande Complex to the cardinal directions (5-7 degrees east from the astronomical north) is 
evidence of cosmological beliefs which often impacted how architectural structures were built on 
the landscape in Mesoamerica.  
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Preliminary analysis of the recovered obsidian at the site has shown some insight into 
Tlalancaleca's exchange sphere. Obsidian artifacts were analyzed using the typology established 
by Kabata in 2010 (Kabata and Murakami 2014a). Obsidian pieces were analyzed for the sources 
they originated from to determine Tlalancaleca's interactions with other regional centers. The 
sources for the obsidian found at Tlalancaleca in order of prevalence are Paredón, Pachuca, 
Otumba, Pico de Orizaba, and Ucareo (Kabata and Murakami 2014a). These are similar to the 
trends shown at the sites of Tetel and Las Mesitas (Carballo et al. 2007). An interesting 
discovery that came out of this analysis is that there was a fair amount of Otumba obsidian 
circulating at Tlalancaleca (11.8-16.4%), which is an unusually high percentage of the total 
obsidian in comparison to other contemporaneous sites in the Puebla-Tlaxcala valley (Kabata 
and Murakami 2014a). Otumba obsidian is particularly known for its later connection to the 
Teotihuacan sphere of influence, indicating that perhaps the trade networks that were established 
by Tlalancaleca were inherited or incorporated into the later Teotihuacan network. There also 
appears to be a lack of drastic change in the percentage of obsidian from different sources over 
time at Tlalancaleca, suggesting that the trade routes of obsidian remained constant throughout 
occupation (Kabata and Murakami 2014a).  
Several pieces of information have come to light in the ongoing analyses with regards to 
the connection between Tlalancaleca and Teotihuacan. One of the intriguing aspects of 
Tlalancaleca is how many different cultural traits it shares with Teotihuacan. From the initial 
field season, Dr. Murakami and Dr. Kabata have determined that people in the region around 
Tlalancaleca likely had contact with those at Teotihuacan, and were an influence on the state’s 
culture (Murakami and Kabata 2012). The architectural style of talud-tablero is seen at 
Tlalancaleca, along with use of lime plaster, construction cells made of adobe, images of the 
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storm gods (Murakami and Kabata 2012). These are present at Teotihuacan as well, further 
demonstrating the connection between these two sites (García Cook 1981). The use of Pachuca 
and Otumba obsidian at Tlalancaleca is yet another connection to Teotihuacan (Kabata and 
Murakami 2014a). The final unique feature of Tlalancaleca which connects it to Teotihuacan is 
the presence of Thin Orange pottery. This type of pottery is a signature of the southern Puebla 
settlements, and later Teotihuacan during the Early Classic. This strongly indicates a connection 
with the polity and a likely occupation of Tlalancaleca in the Early Classic. This demonstrates 
that García Cook was incorrect in his assumption that Tlalancaleca was abandoned around AD 
100, with evidence through Thin Orange that Tlalancaleca and Teotihuacan coexisted for a 
period of time.  
An interesting difference between Tlalancaleca and Teotihuacan is that no plaster floors 
were identified with the cores or excavations of the Cerro Grande Complex (Kabata and 
Murakami 2014a). Talud-tablero features with lime plaster are present in the South Great 
Platform Complex of Tlalancaleca (located south of the Cerro Grande Complex), but lime plaster 
was not common at the site and likely introduced toward the end of Tlalancaleca's occupation. 
This not only helps to confirm Tlalancaleca's coexistence with Teotihuacan, but the presence of 
lime plaster at Tlalancaleca might indicate a connection with Teotihuacan culture (Kabata and 
Murakami 2014a). It also is of importance to the research discussed in the following chapters, 
since the chemical analysis must consider the context of soil floors. Much of the literature for 
geochemical analysis of civic-ceremonial areas, particularly in the central Mexico regions, is in 
the context of lime plaster floors, marking this as another unique aspect of this research (see 
Barba 2007; Barba and Bello 1978; Barba et al. 1996). Lime plaster has a specific chemical 
formula, with elements having uniform levels throughout the material (Barba 2007). The lime 
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plaster recipe often lacks the chemical artifacts which can help identify human activities (Barba 
2007). This means that the lime plaster is essentially a blank canvas, absorbing chemical residues 
of human activities. This is in contrast to soil floors, which naturally contains several of the 
elements examined in human activity analysis. The use of clay amalgam floors in civic-
ceremonial areas also means that we cannot identify samples of floor material by the presence of 
lime plaster, and thus cannot isolate floors in auger probe sampling.  
While certain aspects of Tlalancaleca are clear, such as its occupation during the end of 
the Formative period and its connection with Teotihuacan, much remains to be discovered. 
Tlalancaleca has a unique position in the Puebla-Tlaxcala Valley, with several shared cultural 
features between Tlalancaleca and Teotihuacan. The preexistence of Tlalancaleca thus suggests 
that Teotihuacan inherited these traits, giving Tlalancaleca influence over this more famous site. 
Geochemical analysis can help aid in the understanding of the connection between these two 
sites by better understanding the use of centers and space within Tlalancaleca and the process of 
early urbanism in the Central Highlands of Mexico. The exact connection between these two 
sites is yet to be discovered, but geochemical analysis will help in the pursuit of this question.  
 
  
30 
 
 
 
 
 
 
Chapter 3 
Archaeological Human Activity through Chemical Soil Analysis 
 
 
 Chemical analysis of soils has become a growing field of study in the discipline of 
archaeology in the last few decades. There have been numerous studies conducted and methods 
performed that examine different chemical residues within soils with the intent to understand 
what kinds of human activities took place. These studies consist of either organic residues (Barba 
2007) or elemental concentrations (see Barba 2007; Middleton 2004; Middleton et al. 2010; 
Wells 2004; Wells et al. 2007; Wilson et al. 2005, 2008). Many of these elemental studies 
attempt to discern which elements are found to be in higher concentrations in different 
archaeological features, such as buildings or agricultural fields, and what makes this occur 
(Wilson et al. 2005, 2008). These studies have proven successful in identifying areas of 
particular human interest at archaeological sites through the lens of activities performed within 
specific spaces. The ability to identify those activity areas is due to the depositional processes 
that are caused by people in the past leaving materials on the ground that are then absorbed into 
the soil matrix (Holliday and Gartner 2007).  
 We are currently in a period of rapid methodological changes in the world of 
archaeology. With advances occurring in the scientific community as a whole, there are more 
and more chemical methods becoming available to archaeologists to analyze the various 
materials, such as elemental residues, that we previously could only go so far in understanding. 
As instrumentation advances in the field of chemistry, archaeologists can achieve more in depth 
understandings of different materials. Archaeology tends to be a step or two behind the larger 
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scientific community, which I believe to be a result of the research required to discover which 
new characteristics and features in archaeological materials have cultural significance and the 
additional research necessary to adjust the chemical methods to suit archaeological materials. 
Some of the methods that have started appearing in the literature since physical scientific 
techniques began being used in archaeology in the 1970s are neutron activation analysis (NAA), 
X-ray fluorescence (XRF), inductively coupled plasma-mass spectrometry (ICP-MS), 
inductively coupled plasma-optical emission spectroscopy (ICP-OES), atomic absorption 
spectrometry (AAS), scanning electron microscopy (SEM), stable isotope ratio analysis (SIRA), 
and Mehlich colorimetry phosphorus testing. Part of the variety of chemical instrumentation 
employed in the archaeological research is due to the fact that there is no single instrument that 
can be used as a single answer to all scientific archaeological questions. Archaeologists thus need 
to take a critical approach to choosing which methods work best for which question, while also 
exploring the potential of these relatively new methods. One of the major goals of this thesis is to 
critically examine three chemical methods for their usefulness in answering the question of 
human activities through soil analysis. 
 In addressing this research goal, I studied three distinctly different types of geochemical 
analysis on soil samples taken from the site of Tlalancaleca. This comparison is within the 
context of identifying and mapping what kinds of activities took place within the Cerro Grande 
Complex of Tlalancaleca. There are several different chemical methods by which archaeologists 
can study the elemental residues of interest. I focus on the approaches of inductively coupled 
plasma-optical emission spectrometry (ICP-OES), Mehlich colorimetry rapid soil phosphorus 
testing, and portable X-ray Fluorescence (pXRF). While there are many studies in archaeological 
chemistry that look at multiple elements in the soil, the best studied of these is phosphorus 
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(Holliday and Gartner 2007), and thus has the largest focus of all the elements analyzed in my 
research. Phosphorus has been connected to human waste, organic refuse, burials, and ash in pre-
industrial times (Holliday and Gartner 2007).  
 
Depositional Processes at Archaeological Sites 
 In today's modern times, we can see that humans have a significant impact on the earth 
and any place we inhabit. This is not a new phenomenon; these impacts and changes to the 
environment are what allow archaeologists to understand the lives people lead in the past. Soil is 
the largest common denominator for archaeological sites, and yet the majority of analyses of soil 
in archaeology are botanical, looking for seeds and plant materials that were deposited at a given 
site. Humans throughout time have been impacting their environments on a chemical level as 
well. Human habitation has been seen throughout archaeology and modern times to selectively 
increase or decrease the concentration of specific soil minerals, which can be traced through 
specific elements (Reed et al 2000). This deposition and depletion of different elements is what 
allows us to track human activities across archaeological sites.  
 Due to its widespread use in archaeology, phosphorus will serve as an example for how 
different human activities leave chemical signatures in the soil. Phosphorus has been heavily 
studied and we now know it has predictable patterns of elevated or depleted concentrations in 
different archaeological features that result from specific human activities (Holliday and Gartner 
2007). Anthropogenic phosphorus forms in soil through the same depositional processes as 
organic matter in general, but what makes phosphorus identifiable as anthropogenic is the 
quantity (Holliday and Gartner 2007). Naturally occurring phosphorus in soil is generally in low 
concentrations due to its long geological cycle, and is in general one of the slowest nutrients to 
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be added to earth systems (Benitez-Nelson 2000). The rapid accumulation of organic debris at 
archaeological sites can result in significantly elevated levels of phosphorus in the soil (Holliday 
and Gartner 2007). Measuring the concentration of phosphorus in soils at archaeological sites 
thus makes for an excellent method to prospect for archaeological sites; areas of high phosphorus 
concentration can help identify places humans impacted through the deposits of large quantities 
of organic matter in particular areas (Bethell and Máté 1989; Parnel et al. 2001; Terry et al. 
2000). This relationship has been known since Arrhenius discovered that there were higher 
concentrations of phosphate at archaeological sites when he was studying agronomy, but this did 
not become a common area of study in archaeology until much later (Barba 2007: 43). 
 One of the main ways in which phosphorus is adsorbed onto the surface of the mineral 
particles of soil, the places of phosphorus deposition important to archaeologists, is the leaching 
of phosphorus from organic remains that have come in contact with soil (Tate 1985). Organic 
remains in this context are any materials or objects that are composed of once living tissue. For 
the purpose of archaeology, this includes all parts of plants and animals. When organic remains 
are left on the ground surface and they begin to decompose, as all organic materials do, caused 
by anything from microbial activity to subsurface animals such as earthworms (Tate 1985). This 
decomposition process releases the phosphorus in organic material, which can then be absorbed 
into the surrounding soil context (Tate 1985). When these organic materials are associated with 
archaeological sites, it is called anthropogenic phosphorus. This phosphorus is released from 
organic materials in the form of the phosphate anion and undergoes specific adsorption processes 
within the soil matrix, during which it replaces hydroxide ions on minerals (Schlesinger 1997; 
Tan 1998). Once released from the organic material, the rate at which these now available 
phosphate ions are mineralized is highly variable, with factors such as temperature, moisture, and 
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soil microorganisms causing the mineralization at different rates in different soils (Tate 1985: 
341). One of the ways in which archaeologists can easily track anthropogenic phosphorus 
mineralization variation is the pH of soil, since this affects which mineral the phosphorus 
stabilizes as in the soil (Holliday and Gartner 2007). However, these different minerals exist 
across the majority of the pH range found in soils and differ by which ion the phosphate bonds 
with (Holliday and Gartner 2007). Phosphate that results from organic matter decomposed in 
acidic soils will bond to iron and aluminum, whereas when this occurs in neutral and alkaline 
soils phosphate tends to bonds with calcium (Holliday and Gartner 2007: 303; Schlesinger 1997: 
98; Tate 1985: 348).  
 This mineralization process, however, can result from all organic matter, not just organics 
are the result of humans using and depositing organic materials at archaeological sites. However, 
it has been found that the phosphate minerals which form from the decay of organic materials 
bind to the soil in the area around the spot of decay and become fixed to this position 
(Schlezinger and Howes 2000). This is confirmed by the fact that most of the phosphorus found 
in uncultivated soils is concentrated at or near the soil surface (Tate 1985: 341). When working 
at archaeological sites, any increases in phosphorus found below the modern surface are likely to 
be anthropogenic. There are a few processes which can move the fixed phosphate minerals, 
including plant and animal bioturbation or agriculture (Tate 1985). In addition to moving 
phosphate ions, plants can cause a depletion of soil phosphorus due to the absorption of the 
phosphate minerals as nutrients (Tate 1985: 341). In archaeology however, if plant impact across 
an entire site is equal, the assumption is that this does not significantly impact the archaeological 
interpretation of phosphorus concentrations since the significance of anthropogenic phosphorus 
comes from the differences of phosphorus concentrations between impacted and non-impacted 
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soil. While this is an assumption, the difference of natural and anthropogenic phosphorus in soil 
tends to be on the order of a hundred ppm, far above the scale at which naturally occurring decay 
adds phosphorus to soils. This can be seen in a study by Schlezinger and Howes (2000), where 
the concentration of total and organic phosphorus are in general 1-5 times higher than the control 
site concentration (Figure 3.1).  
 The process is assumed to be similar for other elements that are associated with 
archaeological activities, but there has not been as detailed an analysis of how they are absorbed 
into the soil matrix on a chemical level. Archaeologists have been able to associate 
archaeological activities with elements such as strontium and calcium, but have not detailed the 
exact process by which they move from the human activity to the soil.  
 
 
 
Figure 3.1. Profiles of total (-∙-), organic (˗˗˗), and inorganic (∙∙∙∙) phosphorus in µmole/cm3 at 
each sampling site. Horizontal dotted lines denote the location of the anthrosol, or archaeological 
layer, and the paleosol at the control site (Schlezinger and Howes 2000: 483). 
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Chemical Analysis of Archaeological Soils 
 There are several methods that have been used by archaeologists in determining the 
presence and concentration of anthropogenic chemical residues in soils. These methods were 
first developed in disciplines outside of archaeology, often in the fields of geology, chemistry, 
and environmental science, but have been incorporated into archaeological studies as more 
evidence of human impact has been found on the chemical level of environments. The majority 
of studies which analyze elemental residues focus on anthropogenic phosphorus. Even within the 
study of phosphorus, there had been over 30 analytical methods published by applied 
archaeologists (Holliday and Gartner 2007: 309). Each of these follows a basic two-step process 
of first extracting phosphorus from soil with acid, and second measuring the phosphorus in the 
extractant (Holliday and Gartner 2007). This two-step process is seen in studies for other 
anthropogenic elements as well (Middleton et al. 2010; Wilson et al. 2005, 2008). In addition to 
the numerous ways to extract anthropogenic elements from the soil, there are two main ways in 
which archaeologists then measure the extractant containing the desired elements, colorimetry 
and inductively coupled plasma spectrometry, or ICP (Holliday and Gartner 2007). 
 
Elemental Signatures of Human Activities 
 While there are many elements found in the soil that are known to be associated with 
specific activities that people performed in the past, phosphorus is by far the most studied and 
informative. Phosphorus has become a hugely beneficial tool in the archaeologists' toolbox in 
understanding the location of human activities on archaeological landscapes, due to the fact that 
it is absorbed into the soil through organic materials. The activities that cause these repeated or 
large deposits of organic materials are generally associated with food, animals, and waste 
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(Bethell and Máté 1989; Cavanagh et al. 1988; Holliday and Gartner 2007; Hutson and Terry 
2006; Parnell et al. 2001; Terry et al. 2000; Woods 1977, 1984). The areas that are most 
commonly associated with these activities are middens, or garbage deposits, kitchens, animal 
pens, areas of human waste, burials, or designated ritual areas (Holliday and Gartner 2007; 
Parnell et al. 2001; Terry et al. 2000). Additionally, a lack of phosphorus in an area may be 
indicative of human activity, since some spaces have ritual or spiritual significance and are 
maintained by the removal of all organic debris by cleaning or sweeping (Holliday and Gartner 
2007). This is of particular interest at Tlalancaleca, since the area undergoing investigation was 
clearly used and occupied, as evidenced in the artifacts found on the surface as well as the 
location adjacent to monumental structures. A clear lack of phosphorus in a distinct area is likely 
evidence of cleaning. 
 One of the critical pieces of phosphorus analysis is that some of the activities that cause 
high concentrations of phosphorus in the soil may not be detectable through artifact recovery due 
to the organic nature of the remains that would otherwise indicate these areas. Areas where food 
or waste were constantly deposited on the landscape may have no initially visible traces from 
traditional archaeological methods, but phosphorus in the soil from the decay of the organic 
artifacts of the activity is tangible evidence to point to the activity even occurring. This is why it 
is common to find archaeological studies that solely focus on phosphorus analysis. Phosphorus 
has the ability to identify otherwise unidentifiable areas. 
 Archaeologists have examined both available phosphorus and total phosphorus in the soil 
through the use of different extraction methods (Holliday and Gartner 2007). The measurement 
of available phosphorus makes up the bulk of studies done, due to the fact that many of the 
chemical methods of measuring available phosphorus have already been developed in 
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agricultural science and are much easier to conduct. Additionally, a number of studies have 
found the study of available phosphorus to be more sensitive to human activity than the 
measurement of total phosphorus (Holliday and Gartner 2007; Parnell et al. 2002a; Terry et al. 
2000). 
 While the study of soil phosphorus has been a part of archaeological studies since the 
1970s (Bethell and Máté 1989), multi-element analysis has only been used for the past 15 years 
(Abrahams et al. 2010). The most common tools for this multi-element analysis have been 
Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES) and Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS), with X-ray fluorescence (XRF) just now coming 
into this type of study. Elements such as aluminum, barium, calcium, iron, potassium, 
magnesium, phosphorus, sodium, strontium, zinc, manganese, and titanium have all proven 
significant in studies of human impacts on plaster (Linderholm and Lundberg 1994; Parnell et al. 
2002b; Oonk et al. 2009; Wells 2004; Wilson et al. 2008). Iron has been found to be associated 
with areas of agave processing and animal butchering as well as being one of the main elements 
found in pigments (Parnell et al. 2002a). Calcium is a key component in manure and urine 
alongside phosphorus, which means these elements can be tied to locations of livestock or waste 
(Oonk et al. 2009). Calcium, along with strontium has been associated with hearths and wood 
ash (Wilson et al. 2005). In Mesoamerica, calcium is strongly associated with areas where lime 
mortar or stucco was used (Wells et al. 2007; Wilson et al. 2008), which is of particular interest 
in the early period of research at Tlalancalecca where there is a lack of stucco floors. Strontium 
has also been found as an indicator for construction materials (Wilson et al. 2005, 2008), and 
could shed light on different construction phases at Tlalancaleca. A study at Piedras Negras 
(Parnell et al. 2002a; Wells et al. 2000) demonstrated that barium, phosphorus, and manganese in 
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middens and mercury and lead in craft production areas, while calcium, phosphorus, strontium, 
barium, zinc, and lead are typically elevated in buildings. Several studies have examined the 
comparison between off-site samples and samples from known occupation areas and 
archaeological features. Calcium, copper, phosphorus, and zinc have been used to confirm the 
anthropogenic nature of features since they have significant differences between these offsite and 
soil features (Oonk et al. 2009).  
 While only some of these elements have been tied to a specific human activity, the 
strength of this kind of study comes from looking multiple elements at the same time. The 
correlation between elements on the landscape, as well as the comparison of onsite samples to 
background or off-site samples, can be used to help identify what kinds of activities may have 
occurred on areas of a landscape. This can be seen in a study where a strong positive linear 
correlation was found between phosphorus, strontium, and calcium in areas of human 
occupation, with phosphorus being highly concentrated in pathways and features while strontium 
and calcium had their highest concentrations in house structures (Gauss et al. 2013). Similarly, 
areas of high phosphorus, calcium, and potassium have been indicative of cooking due to the 
deposit of wood ash and lime used in processing corn, while areas where food was consumed 
away from the cooking areas had only elevated concentrations of phosphorus (Holliday and 
Gartner 2007; Wells 2004; Wells et al. 2007). 
 
Inductively Coupled Plasma-Optical Emission Spectrometry 
 Often times, when people refer to ICP analysis, they have the method of ICP-MS in 
mind. This is similar to the method of IPC-OES, which was the method chosen for this research. 
ICP-OES has also been called Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-
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AES). The difference between these methods and that of colorimetry used in the Mehlich method 
(see below) is that it can analyze multiple elements at once, which is a benefit in studies that look 
at several anthropogenic elements. Both ICP-MS and ICP-OES have the benefit of determining 
the exact concentration of elements in a sample. They also both allow for the differentiation 
between anthropogenic and natural processes that may have affected the archaeological soil, and 
thus affects how the results from the data are interpreted (Middleton et al. 2010). While both of 
these methods are the optimal choices for analyzing anthropogenic elements in archaeological 
soils, they do come at a higher price. Due to the larger and more sensitive instrumentation, cost 
for these samples can run upwards of $25 a sample, which when compared to the few dollars it 
takes to run the Mehlich colorimetry method, is a drastic increase.  
 The difference in ICP-MS and ICP-OES is one of instrumentation and the detector used 
in identifying the elements and their concentration in a given sample. The first half of the 
abbreviated name, inductively coupled plasma, refers to the mechanism that delivers the sample 
into the detector, and is used by both instruments. This mechanism essentially takes a liquid 
sample, heats the liquid to 10,000 K with an argon plasma torch, vaporizing the sample and 
exciting the atoms into an ionized state. The sample is then sent to the detector, which is the part 
of the instrument that actually measures the concentration of the desired elements. For the ICP-
MS, the detector is a mass spectrometer (MS), which measures the concentration of elements in a 
sample by slamming the ionized atoms from the sample into a plate that measures the weight of 
each atom, identifying it as a particular element.  For the ICP-OES, the detector is an optical 
emission spectrometer (OES), which reads the wavelengths of light emitted from the atomized 
elements. A fundamental property of each element is that it emits light from its electrons in an 
excited state, with each element emitting a unique combination of light waves due to their 
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different electron counts. The data from the ICP-OES is the intensity of these unique light 
patterns for each element and is transformed into concentrations of the elements in ppm or ppb of 
the sample through the process of calibration.  
 While both instruments were considered for this study, ultimately the ICP-OES was the 
better choice for the research questions asked here. This is because the ICP-MS is better suited 
for trace elements. ICP-OES on the other hand is better suited to the full suite of elements 
covered in this analysis. Additionally, the sample does not enter the detector in the ICP-OES, 
while in the ICP-MS, the sample physically enters the detector to be measured. This means there 
is more room for contamination at the lighter end of the periodic table, where elements such as 
calcium and phosphorus are located (both considered important to this study). There is also more 
opportunity for the machine to clog by calcification forming on the nebulizer which gives 
unreliable readings. Ultimately, the ICP-OES was better suited for this particular analysis.  
 
Mehlich Colorimetry 
 For many of the basic phosphate tests, soil samples are analyzed through acid extraction 
and then measurement of the extracted phosphorus, or phosphate, with a colorimeter. This is 
often called the Mehlich method, and is preferred method by groups such as the United States 
Department of Agriculture (Elrashidi). The Mehlich colorimetric method for rapid phosphorus 
testing is by far the most commonly used in archaeology. It is a method where available 
phosphate is extracted from soils with an acetic acid mixture and measures the extracted 
phosphate through colorimetry (Terry et al. 2000; Wells et al. 2000). This can be an inexpensive 
and rapid form of testing, making it feasible to analyze a large number of samples for a small 
cost. With budgets all too often being too small for what archaeologists wish to achieve, a quick 
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and inexpensive method for analyzing soil phosphorus can be critical for doing this type of test 
in archaeology.  
 There are many cases of archaeologists using this method to testing phosphorus in the 
archaeological record (see Barba 2007; Hutson and Terry 2006; Terry et al. 2000). The current 
standard procedure for the Mehlich 2 method commonly used in archaeology is as follows. A 
soil sample is mixed with a dilute acid extractant containing acetic acid and hydrofluoric acid. 
Next, molybdenum compounds are added to the acid extractant to form molybdophosphoric 
compounds which turn blue in solution (Holliday and Gartner 2007: 309). This blue color can 
then be measured with a colorimeter through the detection of the absorbance of a specific 
wavelength, which then is used to calculate the concentration of phosphorus in the solution 
(Holliday and Gartner 2007).  
 
Portable X-ray Fluorescence 
 There is a growing field of research in the chemical analysis via portable X-ray 
fluorescence (pXRF) in archaeology. The most common use of pXRF in archaeology has been 
the sourcing of stone and ceramic artifacts (Shackley 2011a). Even though it is an excellent 
analytical tool for elemental concentrations and has been a part of archaeological research since 
the 1960s, it has not been widely used on soil samples for human activity analysis (Shackley 
2011b). The most common use of pXRF on soils is in the environmental sciences, which asks 
questions of trace elements and heavy metal pollutants, and are very different from the questions 
posed by archaeologists. Archaeologists are concerned with different elements that have been 
shown to be a result of different human activities. A majority of the pXRF studies on 
archaeological soils are concerned with finding settlements through a general increase or 
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depletion of elements (Abrams et al. 2012; Davis et al. 2012; Liritzis and Zacharias 2010; 
McCormick 2013). Only a small portion of them are concerned with what my research is 
attempting, a reconstruction of activities based on elemental concentrations. 
 While ICP-OES, ICP-MS, and most other soil chemistry methods require a wet acid 
digestion before analysis, XRF does not, a great benefit to a fast and easy method. XRF shows a 
stronger influence of the mineral fraction of the soil than other methods, which are sometimes 
lost in the acid digestion, and which can be a benefit if the mild acid that will break down the 
minerals and complex ions for an equal reading of elements cannot be used (Gauss et al. 2013). 
However, while samples may not undergo wet chemistry in preparation for XRF analysis, 
samples are still prepared in alternative methods before they can be studied (Abrahams et al. 
2010). Typically, this preparation has the samples powdered, mixed with a binding agent, and 
then compressed into a pellet that has a flat surface for the irradiation of X-rays. The reason for 
grinding and compressing the solid sample is to make the surface homogeneous for analysis, to 
ensure that an accurate reading of the elements in the material is achieved. One study took the 
liberty of comparing "ideally milled" samples that had been homogenized with a mixer mill and 
ones that were ground with a simple mortar, and found no significant difference between the two 
(Gauss et al. 2013). This means that intense grinding is not as important as sometimes dictated in 
XRF analysis. 
 Samples are measured for elemental concentrations by sending X-rays into the sample 
with the XRF, then reading the secondary X-rays which are produced from the primary X-rays 
interaction with the sample. These secondary X-rays are unique to each element and the volume 
of them is used to measure a concentration (Gauss et al. 2013). For this method to work well, the 
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sample needs to be placed flush against the detector window, but can be left in its solid state. As 
long as the sample is flat and compact, the XRF can identify elements within the sample.  
 There is a great deal of potential in the use of XRF in studying human activity areas at 
archaeological sites. First, there are portable versions of this instrument available (used in this 
study), called a pXRF (portable X-ray fluorescence). This portability of the XRF allows for the 
machine to be carried into field settings. Since there is minimal preparation involved, this could 
allow for real time analysis of archaeological soils in the field, removing the labor involved in 
bringing soils to a wet chemistry lab, or the arduous task of setting up a wet chemistry lab in the 
field. While a more expensive method than the Mehlich colorimetry test, due to the delicate 
instrumentation, it is a less expensive alternative to both ICP-OES and ICP-MS, making it 
potentially a vastly beneficial tool in the study of human activity areas through soil chemistry. 
However, this is still just potential, since very few similar studies to my research have been 
completed. Additionally, after my analysis had been completed, I learned that the measurement 
of lighter elements (eg. phosphorus, calcium, etc.) can be difficult to detect, unless the specific 
conditions of a helium purge in the detection chamber and use of a silicon drift detector are used. 
Even with this, the efficiency of reading elements such as phosphorus can be only 5.5%, 
indicating that unless there is a great deal of phosphorus in the sample (above 300 ppm), 
readings can be inaccurate (Lee Drake, personal communication 2014). If more than 300 ppm of 
phosphorus in the sample, than this method of pXRF has the potential to be a significant method 
in the study of human activity areas.  
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Previous Chemical Research in Activity Area Analysis 
 There are numerous case studies of soil analysis done at Mesoamerican sites in the  
literature of archaeological chemistry (e.g. Barba 2007; Barba and Bello 1978; Barba et al. 1996; 
Fulton et al. 2013; Hutson and Terry 2006; Parnell et al. 2001; Terry 2000; Wells 2004). These 
studies cover the methods of the Mehlich colorimetry as well as ICP-OES (sometimes called 
ICP-AES) and other tests for organic compounds. 
 There has been an extensive study done at the Maya site of Chunchucmil, located in the 
northwestern corner of the Yucatan state in Mexico (Hutson and Terry 2006). The goal of the 
project was to use the combined method of excavation and soil analysis to identify patterns of 
space use and trash disposal to understand social organization and the logic that the Maya used in 
structuring their settlement (Hutson and Terry 2006). The study used ICP-AES in order to detect 
trace metals in the soil samples and then used a Mehlich 2 dilute acid extraction to determine the 
phosphate concentration of the samples (Hutson and Terry 2006). This case study corroborated 
several different relations between activities and the residues found in the plaster and soil 
samples taken (Hutson and Terry 2006). Phosphates proved to be in low concentrations in 
sleeping areas and porches, while extremely high concentrations (compared to background 
samples) were found in select spots, which was representative of sweeping to clean the floors 
during their time of use (Hutson and Terry 2006). Heavy metals were also found in these swept 
areas, such as lead, copper, cadmium, and manganese, which have been associated with crafts, 
particularly those that involve metallic pigments (Hutson and Terry 2006). High concentrations 
of mercury on the eastern edge of one of the floors studied indicated that cinnabar (mercuric 
sulfide) was deposited there, a common tradition in mortuary treatment among the Classic Maya, 
particularly those of higher social standing (Hutson and Terry 2006). Phosphates were also found 
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to be higher in areas associated with ovens and cooking while the highest in rooms what 
appeared to be a food storage area from the artifacts found (Hutson and Terry 2006). 
 A plaza examined by Wells at El Coyote (2004) outlines some of the other activities that 
could be found at Tlalancaleca’s plaza. In this plaza, the highest concentration of phosphorus 
was located near a large midden at the base of a monumental staircase (Wells 2004). In addition, 
high concentrations were found in the middle and southern areas of the plaza, near two small 
platforms, accompanying artifacts indicative of food processing and consumption (Wells 2004). 
These continue to indicate that if we find higher levels of phosphorus, the most likely behavior 
that caused it was related to the preparation, consumption or disposal of food (Wells 2004). The 
article also outlines further how to differentiate middens that are the results of food deposition 
and those that resulted from craft production with different elements related to these processes 
being elevated (Wells 2004).    
 In a study of plaza spaces at Palmarejo, Honduras, a geochemical analysis of soil organic 
matter, soil pH, and elemental residues was used as a window to understand what activities took 
place (Fulton et al. 2013). This was done in the context of attempting to discern if spaces were 
public plazas or more private patios (Fulton et al. 2013). Patios and plazas can be differentiated 
by their different functions, with patios having more ritual use and patios having residential 
practices (Fulton et al. 2013). Organic matter in soil affects soil aggregation and is tested by 
measuring loss-on-ignition, while soil pH defines the chemical solubility of different minerals 
and is measured with mixing the soil with water and measuring the pH of the slurry (Fulton et al. 
2013).  By studying both the organic residues, which phosphates come from, and the pH which 
affects how they are absorbed into the soil, more information about how signatures of activity 
areas in the soil come to be can be discerned (Fulton et al. 2013). This gives a better context to 
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the elemental study of the soils, which was performed using ICP-MS (Fulton et al. 2013). This 
ICP-MS procedure used a mild acid to extract the anthropogenic deposits in the soil, in place of a 
total extraction of both mineralogical and anthropogenic deposits (Fulton et al. 2013). 
Differences in the variation of several elemental residues, including, calcium, iron, and 
strontium, separated the northern and southern plazas included in the analysis, and are likely 
indicative of cooking, food consumption, and incense burning (Fulton et al. 2013). By combining 
the results of the three chemical methods with evidence found during excavations of the plaza, 
the final determination was that the activities in the space more closely resembled those of 
ceremonial practices, indicating that this was a plaza instead of a patio (Fulton et al. 2013). 
 Luis Barba has published several articles on his work with soil analysis, but the one that 
might have the most significance in giving an idea of what to expect at Tlalancaleca is his work 
at the Templo Mayor in Tenochtitlan (Barba et al. 1996), which is located in present day Mexico 
City. Barba and colleagues did an extensive study of the residues in the floors of the Hall of the 
Eagle Warriors (Barba et al. 1996). Residues such as phosphates, carbonates, pH, carbohydrates, 
and fatty acids were analyzed here with a variety of methods, including several of the organic 
residues tests (Barba 2007; Barba et al. 1996). While the study at Tlalancaleca does not involve a 
method for analyzing these organic residues, it is important to know that these tests are 
possibility, should an area of particular interest be discovered that needs more in depth analysis. 
At the Templo Mayor, relatively high concentrations of phosphates were found around altars and 
around the stairs. Fatty acids and pH were found to be associated with the altar and some of the 
braziers, likely due to the oils and ashes respectively. These tests combined indicated that one of 
the principal areas of activity was in front of the main alter in the structure. Other areas of 
interest were the areas around the braziers and sculptures. Due to the iconography and artifact 
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record, the authors concluded that these were three different areas of ritual activity (Barba et al. 
1996). 
 With regards to the study of geochemical methods in my research at Tlalancaleca, the site 
is in the same region as many sites examined previously with geochemistry, and it is likely that 
the success will be the same at Tlalancaleca. I also expect that the methods applied to plaster 
surfaces will carry over to soil samples since Tlalancaleca predates the widespread use of plaster.  
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Chapter 4 
Research Methods 
 
 
The field season of the summer of 2013 began the process of soil analysis and subsurface 
testing at Tlalancaleca. We focused on the western portion of Cerro Grande, taking samples from 
plazas, terraced areas, and around the bases of pyramids and mounds. By the end of the field 
season, more samples were collected than could be analyzed for this research, and thus I focused 
on a few areas within the larger sample design. These areas are of interest since they contain 
many architectural elements that could display variation in activity usage, and potential differing 
chemical signatures for these activities. ICP-OES, Mehlich colorimetry, and portable XRF were 
each employed as an analytical method to detect these differing elemental signatures for human 
activities. These methods vary in a number of different matters, including the chemical process 
they use to measure the desired element and the cost, as was discussed in the previous chapter. 
The technical methods for each of these tests are described here, with the next chapter delving 
into the results of these methods and what they indicate about the organization of activities 
within the study areas. Chapter Six will then go into a comparison between these methods and 
examine which are best for this study. 
 
Field Methods and Sampling Design 
 Over the summer of 2013, soil samples were collected for the geochemical analysis with 
an auger probe around Cerro Grande. The use of the auger probe allowed for much faster 
collection than typical excavation techniques. This was done with great help from the PATP and 
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the local community who assisted in the field work. These samples were collected in teams, with 
each group collecting data and samples to expedite the process further. The teams comprised of 
both local community members and archaeologists from the PATP. The sampled area within the 
urban complex of Tlalancaleca contains several mounds, terraces, and plazas. The study area is 
approximately 300 m by 180 m in dimension, with samples collected in a 20 m square lattice 
grid (Wells 2010) across most of the area, producing a total of 559 samples from 124 different 
soil columns. The soil columns are named by the order in which they were conducted, using the 
abbreviation of AP (auger probe) before each number. Samples were then named using the AP 
number, and then the number of the sample from the core. An example is the first sample from 
the first core being named AP 1-1. The space between samples was decided on due to a 
condensed time frame to complete the sample collection. It was decided that it would be more 
beneficial to the initial stages of the research at Tlalancaleca if a larger area was sampled with 
more space between samples than a smaller area analyzed with a tighter sample grid. While this 
means that fewer concrete conclusions can be drawn from the results, this gives a better overall 
image of the site.  
 For the purpose of interpretation, the sampled area was broken up into zones containing 
the different samples (Figure 4.1). The zones are based on physical boundaries and are named for 
what they appear to be from mapping and surface collection. Terraced areas comprise of levels 
cut into the earth while plazas are spaces bounded by either terraces or large structures, such as 
the pyramids or megalithic structures. The Residential Terrace is named as such due to its 
location on a terrace above the Western Plaza and the identification of domestic pottery across 
this space. The Western Plaza is considered the main plaza of the Cerro Grande Complex. The 
Northern and Southern Terraces are named due to their location within the study area and their  
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Figure 4.1. Location and elevation of auger probes used in analysis at the Cerro Grande Complex 
 
 
nature of downward levels proceeding away from the center of the complex. The Northern 
Corridor is the space connecting the eastern and western portions of the sampled area in the 
center of the complex, and is thus of interest in my research. It also contains a passageway 
between the two megalithic structures and the southern portion of a small plaza adjacent to the 
Cerro Grande Pyramid. The East Terrace consists of levels stepping down from the monumental 
structures, and leads to several plazas, including the Sunken Plaza and Eastern Plaza, all of 
which is lumped into an area called the Eastern Plaza and Terrace area. The final area sampled 
was another plaza, named the Southern Plaza. These areas make rough rectangles, which are the 
best shape of an area for the interpretation software, Surfer 7.0, which allows for spatial 
interpretation of elements within a grid. With this spread of samples, I am able to analyze several 
different arbitrary layers of soils (since no distinct cultural layers were determined from the 
stratigraphy) for a number of elements. The arbitrary layers look not only at the differences of 
elements and uses within a given area, but the evolving changes of use over time through the 
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different levels. The levels I chose for this analysis were at the 0.5 m intervals below surface, 
starting at 1 m, with samples from within 10 cm of this depth being included in the level. This 
kept a concise level according to depth to view which also had a workable number of data points. 
 Since the area tested lacks distinct floor layers and instead shows four deep strata, we 
collected soil samples every 0.5 m starting at 1 m below the modern ground surface. 
Additionally, we sampled features that appeared between the 0.5 m marks and collected a sample 
from the last bucket of every auger probe. This procedure allowed for us to maintain consistent 
sampling across the site, and have a balance between too many and too few samples from each 
core. When a section of soil was collected with the auger probe, it was deposited on a tarp for 
data collection. After each section of soil was removed, a tape measure was used in to measure 
the new depth of the auger probe column. The depth of each column varied, since they would be 
continued until it was impossible to continue collection due to hitting an obstruction, such as a 
rock or a structure. Only one auger probe column was unable to be continued because the auger 
probe could not reach any further, reaching a depth of nearly 10 m (Core AP 90).  
 When samples were collected, they were carefully taken from on top of the pile of soil as 
to lessen any possible contamination from using the same tarps repeatedly (Figure 4.2). Cleaning 
each tarp between auger probes was not a practical choice in the given field conditions. Samples 
were collected in phosphate-free Whirl-Pak sample bags and with trowels. These trowels were 
cleaned between each sample with filtered water brought into the site every day. Between each 
new column, the auger probe was cleaned with filtered water as well. Cleaning the auger probe 
during each collection was also not a practicality, since this would have introduced extra 
moisture into the soil and would have exponentially slowed down sample collection, with each 
auger probe having anywhere from five to over 30 sections, or buckets, of soil removed and 
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Figure 4.2. Example of an auger probe in process (AP 63), located on the East Terrace, with the 
tarp and soil collection on the Sunken Plaza. 
 
 
taking between 20 min and 1 hr to complete. While the samples were being collected from 
sections of soil, the Munsell soil color was recorded with texture and other physical 
characteristics of the soils. Basic stratigraphy of each auger probe column and any noticeable 
features, soil changes, or artifacts were also recorded. Examples of these features include fine 
layers of ashy substances in a handful of auger probe columns. Artifacts found during sample 
collection were primarily ceramics and obsidian flakes with occasional pieces of construction 
materials, with the deepest artifact found at 8 m below surface (Sample 92).  
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Chemical Analyses 
Inductively Coupled Plasma-Optical Emission Spectrometry 
 ICP-OES was performed to measure elements that have been found to have 
anthropogenic significance. The elements chosen for this study were sodium, magnesium, 
aluminum, phosphorus, potassium, calcium, copper, zinc, iron, mercury, manganese, lead, 
strontium, and barium. Due to the nature of the ICP-OES machine, all of these elements could be 
analyzed at the same time, which is a benefit in preparation and time required for multi-element 
analyses. At the start of this research, the intent was to perform an ICP-MS analysis of the soils, 
but this turned out to be not the best method for this analysis. Initially, samples were analyzed 
through a raw counts method of the ICP-MS, where the detector counts all the atoms of each 
element that are in the sample. This was done with several samples at 100x dilution, since the 
ICP-MS is designed to detect samples in the range of parts per billion (ppb). Most archaeological 
samples are in the range of 100-1000 ppm, which can overload the detector in the ICP-MS, 
causing inaccurate results. In comparing samples to the results from the Mehlich colorimetric 
method, it was evident that there was a great deal of interference in the ICP-MS in the range of 
the lighter elements. Alternatively, the ICP-OES appeared to have less interference and is a 
better suited detector for the lighter elements, and thus samples were run on this instrument in 
place of the ICP-MS.  
 Sample preparation for ICP-OES was done in the Laboratory for Anthropogenic Soils 
Research at the University of South Florida using the Foss Method for the sample preparation 
and a Perkin Elmer Optima 2000 DV ICP-OES (Lewis et al. 1993; Wells et al. 2007). This 
method is based on EPA leaching methods and has been used to determine the biomineralogical 
pools from where the acid extract pulls the elements out of the soil matrix. Samples were 
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prepared by first weighing out 2.00 ± 0.05 g of soil, and placing it in a polyethylene scintillation 
vial. To this, 10 mL of a mild acid solution, consisting of 0.60 molar hydrochloric acid and 0.16 
molar nitric acid was added to the soil sample. This combination of nitric and hydrochloric acids 
is an excellent extractant since nitric acid is good at removing metals from soils while 
hydrochloric acid is better at removing elemental signatures from carbonates and some oxides 
(Lewis et al. 1993). These samples were then shaken at 200 rpm for 30 min on an Innova 2000 
platform shaker, and afterwards filtered through ashless filter paper into a second clean vial.  
 The second stage of preparation then took place in the USF Center for Geochemical 
Analysis. Samples were diluted with Type II DI water fivefold in order to be within the detection 
limits of the ICP-OES, which are significantly higher than that of the ICP-MS. In addition to the 
samples, five standards, a reference sample, a quality control, and a blank were prepared. A 
reference material with known values of the elements under analysis was prepared, with this 
study used CRM-TMDW-A and CRMRSA, as a way to check that the machine was accurately 
reading the sample values. The quality control was a created standard, which included known 
concentrations of the different elements under analysis through the combination of different 
compounds in solution, which served the same purpose as the reference material, but also was 
used to track any changes in the measurements of samples over the course of the analysis. This 
was required since the ICP-OES is automated, and can measure 50 samples over the course of 
approximately seven hours. If any shifts in measurements occur during that time span, the quality 
control and reference material can help track this. Finally, a blank was used, which was free of 
all the elements under analysis. These three solutions were analyzed before the start of the 
sample analysis, as well as after every 15 samples of the automated run. The five standards that 
with known values of all the elements included in the analysis, each at a different concentration. 
56 
 
These were analyzed by the machine before sample analysis. The purpose of this was to create 
an internal calibration curve of the machine for each element under analysis, which allowed for 
the machine to calculate the concentration of the elements in each sample based on the light 
waves emitted from the sample.  
 After data were collected, the samples had to be corrected for any drifts that occurred in 
measurements. This was done by determining a drift factor from the quality control solution that 
was analyzed several times during the automated analysis. The corrected concentrations as read 
by the ICP-OES then had to be calculated backwards, removing the dilutions, in order to 
determine the concentration in ppm of each element in each soil sample.  
 The ICP-OES method was the only process used in this thesis that had an automated 
component to it, with an automatic sampler attachment to the instrumentation. Samples were 
prepared in the Anthropologenic Soils Research Lab in batches of eight, due to available 
laboratory equipment, with each batch requiring approximately 45 min to prepare. The analysis 
with the machine however required approximately 6 min per sample, leading to the length of 
analysis being dependent on the number of samples included in the run of the instrument and 
how many elements are being analyzed per sample. However, since the instrument is automated, 
this method requires less effort, despite the total time required for preparation and analysis of 
approximately 12 min per sample. Samples from the Eastern Plaza and Terrace Area and 
Northern Corridor were analyzed with this method, with a total of 184 samples analyzed.  
 
Mehlich Colorimetry 
 This method followed the standard laboratory procedure for measuring phosphorus with 
the Mehlich colorimetric method in the Laboratory for Anthropogenic Soils Research at the 
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University of South Florida. This is also the standard procedure for the United States Department 
of Agriculture and Natural Resources Conservation Service (Elrashidi; United States Department 
of Agriculture). This method starts with 1.00 ± 0.05 g of soil sample which are placed in a 
polyethylene scintillation vial. A total of 10 mL of acid is then added to the vial to perform the 
acid extraction to remove phosphorus from the soil matrix. The acid is a tenfold dilution of an 
acid solution called the Mehlich 2 soil extractant concentrate, which is specifically made for soil 
phosphorus extraction, and contains low concentrations of acetic and hydrofluoric acid. This 
mixture of soil and acid in the vial was then mixed for 10 min at a speed of 275 rpm on an 
Innova 2000 platform shaker. The sample was then filtered with ashless filter paper into glass 
vials, which are designed for the Hach Portable Colorimeter, the handheld detector used to 
measure phosphorus for this method. One milliliter of this sample was then diluted to 10 mL in a 
glass vial, and one packet of PhosVer 3 phosphate reagent powder was added to the vial. The 
sample was shaken by hand for 2 min, then allowed to develop for 3 min, giving a total reaction 
time of 5 min. Eight samples were prepped in such a manner at a time along with one blank 
sample. The blank was used to zero the Hach Portable Colorimeter. A calibration was not needed 
for measuring phosphorus, since the detector has an internal calibration curve for this specific 
analysis.  After the machine was blanked, each of the samples were measured and data were 
collected for the amount of phosphorus and phosphate present in each sample. This concentration 
of phosphorus and phosphate was given in ppm of the solution, which then had to be calculated 
backwards, removing the dilutions to the sample. These calculations give the ppm of phosphorus 
and phosphate in the soil sample (e.g. mg P/kg soil).  
 A total of 261 samples were analyzed with this method. Samples from the Eastern Plaza 
and Terrace Area, the Northern Corridor, and the Western Plaza and Residential Terrace Area. 
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Due to the cost of the method, additional samples were able to be analyzed, allowing for this 
third section to be examined. These came from the Western Plaza and Residential Terrace Area. 
While this method does not involve automated sampling for the detector, it is still considered a 
rapid method. Samples were analyzed in batches of eight due to the available laboratory 
equipment, with a total preparation and analysis time of approximately 8 min per sample. 
 
Portable X-ray Fluorescence 
For this research, I designed the method to best replicate what would be done in a field 
analysis with a pXRF. This meant that the samples were not pre-treated in any manner, since this 
could be difficult in a field situation where there may not be good laboratory facilities. In 
keeping to this, the method was quite simple. Soil samples were compacted into plastic reaction 
vessel lids that measure 2 cm in diameter and 1 cm deep using a pestle, maintaining a flat and 
homogeneous surface. Samples were left un-ground, with the assumption that if mild grinding 
and intense grinding are not significantly different (Gauss et al. 2013), then perhaps no grinding 
will not significantly affect the results either. These lids hold approximately 3-5 g depending on 
the texture of the soil. This method was thus performed first, so that the same exact portion of 
soil could be used for the three different methods, since ICP-OES analysis uses 2 g of sample 
and the Mehlich colorimetric test for phosphorus uses 1 g. This reduces the variance of the 
measured concentration of each element in comparisons between the three different methods. 
Once a flat surface was achieved, the samples were analyzed with a Bruker III-SD pXRF 
by placing the soil surface flat against the analytical window of the instrument. Each sample was 
analyzed twice, once with a setting for light elements, and again with a setting for heavy 
elements. The lighter elements were analyzed using no filter on the X-rays and a vacuum 
attachment which allows for a more precise reading of the waves that may not be detected 
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otherwise from these light elements, and run on the 12/20 (voltage/amperage) setting for 120 sec. 
The heavier elements were analyzed using the filter typically used for silicon based materials, 
such as soils and obsidian, with no vacuum and run on the 40/11 setting for 120 sec. The 
elements analyzed with the first setting were aluminum, calcium, iron, potassium, magnesium, 
manganese, phosphorus, and zinc, and the elements tested with the second setting were barium, 
iron, manganese, zinc, strontium, copper, and lead. There are some overlaps between the two 
settings, but this is due to some elements having the ability to be read by both settings instead of 
just one. This allows for comparison between the detection levels for the two settings as well. 
The results of the pXRF from the heavy element settings were then calibrated using the 
calibration equations for obsidian. This was done since both obsidian and soils are silica based 
and there are no other suitable calibrations available at present specifically for heavy elements in 
soils. For the first setting for lighter elements, there is no calibration equation available for soils, 
and instead the program ARTAX was used to measure the area under the curve of each element. 
While this was unable to give a concentration in parts per million like the calibration for heavy 
elements, it was able to provide a relative concentration of each element, which could be 
compared between samples. Since comparison between samples is the crux of soil analysis, this 
method of processing the data worked for this analysis.  
This method led to a relatively quick analysis, with each sample requiring approximately 
7 min total to prepare and analyze. This was done for 177 samples from the Northern Corridor, 
Eastern Plaza, and Terrace Area. While many archaeological soil studies using an elemental 
analysis have a parallel analyses of pH and other soil variables, these analyses were not 
performed before the XRF analysis due to time constraints.   
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Chapter 5 
Inductively Coupled Plasma-Optical Emission Spectrometry Results  
 
 
 For the primary method of analyzing activity areas through soil chemistry at 
Tlalancaleca, Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES) was used. 
This is one of the many methods now being used in the analysis of multiple elements in soil 
chemistry. This analysis examined several different elements: aluminum, barium, calcium, iron, 
mercury, potassium, magnesium, manganese, sodium, phosphorus, lead, strontium, and zinc. For 
the purpose of this thesis, only four will be examined in detail. While many elements have been 
considered in a wide variety of studies, only a few have been shown in multiple studies as 
successful identification of archaeological features and human activities. The four chosen for 
detailed interpretation in this thesis are phosphorus, strontium, calcium, and barium. Due to the 
cost and time constraints on this analysis, only the Northern Corridor and Eastern Plazas and 
Terrace area were studied using ICP-OES. 
 Before interpretation can begin, a basic analysis of the descriptive statistics needs to be 
done. All statistics for the below analyses were completed using SPSS 22.0. This is done to 
quickly identify if the frequency distributions are normally distributed if any outliers are present. 
Interpretation of this kind of elemental soil data is best done by spatially depicting the dataset in 
a program such as GIS or Surfer. In this case, all of the samples were analyzed in Surfer 7.0, a 
software program that places the data points across an x and y coordinate space, with z variables 
being represented through different means such as color progressions. This program also 
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interpolates space between the samples using variograms (see Appendix A), allowing for a 
holistic view of an area that was spot sampled.  
 Maps were made using Surfer, depicting different areas of Tlalancaleca at different 
depths. Due to the nature of Surfer, the areas where data are mapped are best when kept to 
rectangular shapes, which lead to the breaking apart of samples into subsets for mapping. The 
three areas analyzed within this thesis are the Eastern Plaza and Terrace Area, the Northern 
Corridor, and the Western Plaza and Residential Area (Figure 5.1). The Eastern Plaza and 
Terrace area of the Cerro Grande Complex is immediately adjacent to the megalithic structure 
east of the Cerro Grande Pyramid, as well as the second megalithic structure north of the first, 
with the corridor running between the two structures. The area contains a terrace that runs 
alongside these landscape features which buffer them from two plazas that extend eastward out 
of the center of the Cerro Grande complex. Only the western portions of these plazas were  
 
 
 
Figure 5.1. Location of auger probes used in analysis at the Cerro Grande Complex 
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analyzed, since sampling did not occur across the full plaza area. These different features are 
depicted on each of the maps below in order to better visualize the space. The Northern Corridor 
area runs between the two megalithic structures and along the northern edge of the Cerro Grande 
Pyramid, connecting the Eastern Terrace to the southern half of a Small Plaza next to the Small 
Pyramid. While all three methodologies were performed in the Northern Corridor and Eastern 
Plaza and Terrace Area, additional Mehlich colorimetric testing was performed in the Western 
Plaza and Residential Area. 
 Each map of the different areas contains a confined depth, with samples coming from a 
20 cm range around this specific depth (e.g. 100 ± 10 cm below surface). These layers of maps 
were made at 0.5 m intervals below surface to allow for the analysis of the different areas over 
time. These sample depth groupings kept the range tight enough for layer analysis while still 
allowing for many samples to be used in each map, since not all samples could be collected in 
the field at exact depths due to the nature of the auger probe. Maps could not be based on the 
stratigraphy of the site at this time since stratigraphy determined from the auger probe collection 
varied drastically across the site due to both the large area covered in the survey and the 
perceived differences in stratigraphy between the two teams performing the auger cores. The 
work in the field season after this research better documented the stratigraphy, but was only done 
in the Western Plaza where the recent excavations took place. For the sake of this analysis, the 
stratigraphy is generally ignored and four arbitrary layers are consideration for cultural 
interpretation instead; layers at 100 cm, 150 cm, 200 cm, and 250 cm below surface. These 
layers were created based off the sampling design, with many samples collected at the shallower 
levels, and less occurring at the deeper layers where many auger probes could not reach due to 
obstructions in the ground. Since the layers closer to the surface had the most samples collected, 
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more detailed depictions of the areas under study could be made and provided much better 
interpretation of the area. A point to note is that in AP 70 at 141 cm below surface, a sherd of 
Thin Orange pottery was found, suggesting that the Cerro Grande Complex was occupied during 
the Terminal Formative/Early Classic. We can deduce from this that the arbitrary layers at 100 
cm and 150 cm below surface were occupied during this later time, while the layers at 200 and 
250 cm below surface were likely from the Middle Formative and possibly Terminal Formative. 
All maps created from the ICP-OES analysis and the variograms used in making these maps can 
be seen in Appendix A, and all original numeric data can be seen in Appendix D. 
 
Phosphorus  
 The first element that should be examined in any elemental analysis of soil chemistry at 
archaeological sites is phosphorus. This is due to the previously stated nature of phosphorus at 
archaeological sites representing decayed organic materials. Many different activities can cause 
elevated levels of phosphorus, most being related to food, waste, and rituals involving the 
deposition of organic matter. In my analysis of phosphorus, the main activities focused on will 
be related to food consumption, food preparation, and rituals. This is due to the monumental 
nature of the area undergoing analysis, with all samples coming from places which were clearly 
built by the people of Tlalancaleca with pyramids, megalithic structures, terraces, and plazas 
forming the core of the Cerro Grande Complex. It is important to reiterate that the sample design 
was a square grid with samples taken every 20 m. Due to this, we cannot make any concrete 
conclusions about the activities here, but can draw more general conclusions based on how large 
of an area has elevated levels of phosphorus that can suggest either large scale or small scale 
social activities, thus pointing in the direction of specific activities, with ceremonial gatherings 
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or food consumption likely affecting a large area and rituals or food preparation affecting a small 
area. 
 First, we must look at the descriptive statistics of the phosphorus data. In looking at Table 
5.1, we can see that the samples range in phosphorus concentrations from 1.9-146.6 ppm, 
indicating that there is a large spread in the dataset. This shows that we likely found areas of both 
no human impact and anthropogenic soil features. When looking at a box plot of the data, we can 
see that there are only two outliers (Figure 5.2). When creating the maps of data however, the 
maximum value represented is 100 ppm, since this is a better representation of the top range of  
 
 
Table 5.1. Descriptive statistics of ICP-OES phosphorus data in ppm 
 
 
 
 
Figure 5.2. Box plot of ICP-OES phosphorus in ppm 
Mean 29.6 
Median 21.3 
Std. Deviation 28.0 
Minimum 1.9 
Maximum 146.6 
Range 144.6 
Interquartile Range 42.9 
65 
 
the data. We can also use the basic statistics of the dataset to approximate a background level of 
phosphorus in the dataset. In previous studies where background samples could not be attained, 
similar to the case at Tlalancaleca, five samples with the lowest concentration were calculated as 
the background control concentrations (Parnell et al. 2002a; Wells et al. 2000). In doing this with 
the phosphorus data from the ICP-OES method, we can determine that the background 
concentration is less than 3 ppm, and anything above this can be considered as human impact. In 
the Surfer maps, contour lines have been drawn at every 10 ppm, due to the range, making any  
area which is above this first contour line a definite area of some type of human impact. 
However, it is areas with drastic impact that are of interest, since these can be indicative of areas 
of active use, such as feasting, or different features, such as middens. 
 Looking first at the Eastern Plaza and Terrace Area at 100 cm below surface, we can see 
a pattern of soil concentration that is of interest (Figure 5.3). Here we see very low 
concentrations in the Eastern Plaza, while there are moderate values throughout many of the 
other spaces within this map, perhaps suggesting its exclusive nature. Additionally, we can see 
elevated concentrations at samples AP 56-1 and AP 59-1. These are the two samples that mark 
the entrance to the Northern Corridor from the East Terrace as well at the corner of each 
megalithic structure. This, along with the elevated concentration at samples AP 44-1, AP 48-1, 
and AP 51-1in the same level within the Northern Corridor (Figure 5.4), which are also located 
at the corners of the megalithic structures, suggest that there may have been an activity 
associated with the entrance to the passageway between these monumental structures. A piece of 
obsidian found at 101 cm below surface in AP 48 further supports the probability of an activity 
located here. This contrasts to less activity through the deposition of organic materials in the 
passageway and smaller plaza. It is important to note that AP 44 is located in close vicinity to a  
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Figure 5.3. Eastern Plaza and Terrace Area at 100 cm below surface, ICP-OES ppm P 
 
 
 
Figure 5.4. Northern Corridor at 100 cm below surface, ICP-OES ppm P 
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tree. This may be a cause of potential bioturbation in the area. However, plants absorb 
phosphorus as a part of their nutrient uptake, so we can conclude that the phosphorus located on 
this spot would be higher if there was no tree, indicating that the high measurement of 
phosphorus in the area is further testament to how much phosphorus was deposited on this spot. 
 The next layer at 150 cm below surface shows a different pattern than the one above it, 
with most of the sampled area having very low concentrations of phosphorus (Figure 5.5, Figure 
5.6). The Eastern Plaza, most of the Eastern Terrace, and the eastern portion of the Northern 
Corridor all have below 10 ppm of phosphorus, suggesting that they either had limited use or 
were maintained and cleaned after use. The exceptions to this are the Sunken Plaza, which has 
slightly elevated concentrations of phosphorus, and the spot at AP 60-2 in the East Terraces. This 
slight elevation in the Sunken Plaza is perhaps related to the cleaned nature of the areas around  
 
 
 
Figure 5.5. Eastern Plaza and Terrace Area at 150 cm below surface, ICP-OES ppm P 
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Figure 5.6. Northern Corridor at 150 cm below surface, ICP-OES ppm P 
 
 
it, with this area maybe accumulating more phosphorus due to its downhill nature, either through  
human activity of pushing organic debris downhill or through natural shifts in the soil down the  
slope. The spot of elevated phosphorus located at AP 60-1 is perhaps best interpreted as a 
location of a specific activity, of what nature we cannot say yet due to the isolation of the sample 
from other areas of high concentration. I can, however, state that this activity was contained 
within the area dictated by the surrounding samples.  
 In the Northern Corridor however, we can see an area of much larger activity. There is an 
extreme concentration of phosphorus at sample AP 44-2, with the surrounding samples still 
having a moderate concentration. There was likely some type of activity that spread throughout 
the southern portion of the Small Plaza. The activity could be tied to the monumental structures 
surrounding this area, with the megalithic structure and the Cerro Grande Pyramid being on 
either sides of this actively used area. While I cannot say what type of activity occurred here, the 
prominence of the location suggests that it was likely not a midden, but tied to the social nature 
of such a dynamic space. It is an interesting contrast with the extremely low concentrations of 
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phosphorus in the eastern portion of this area, again emphasizing that this portion of the entrance 
way to the East Terrace was cleaned and maintained.  
 In the layer at 200 cm below surface, we can see a similar pattern to the layer above, with 
two large peaks across the Eastern Plaza and Terrace Area (Figure 5.7).  These two peaks of 
phosphorus concentration are in samples AP 60-3 and AP 92-3. This elevated concentration of 
phosphorus at the corner of the megalithic structure (AP 60-3) is identical to the layer at 150 cm 
below surface, and could be the result of the same activity occurring at this spot over time. 
However, there are more areas with moderate levels of phosphorus, suggesting that the East 
Terrace and Sunken Plaza were more actively used at this time period at Tlalancaleca. 
 The layer at 200 cm below surface is similar again to the 150 cm below surface layer in 
its pattern of areas of low concentration in the Northern Corridor. The corridor portion of the 
Northern Corridor and entrance to the East Terrace has an area of extremely low phosphorus  
 
 
 
Figure 5.7. Eastern Plaza and Terrace Area at 200 cm below surface, ICP-OES ppm P 
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Figure 5.8. Northern Corridor at 200 cm below surface, ICP-OES ppm P 
 
 
(Figure 5.8). This again contrasts to an area of extremely high phosphorus in the smaller plaza. 
However, this layer has the sample of extremely high phosphorus at AP 51-3, with moderate 
samples surrounding it, suggesting again a more widespread activity in the northern portion of 
this plaza. This time the area of extremely high concentration is adjacent to the Cerro Grande 
Pyramid, and perhaps is connected to the monumental structure or the restricted nature of the 
space. Additionally, a piece of bajareque was found at this depth in AP 51, suggesting that there 
was construction fill or an offering/cache at this location. This only further suggest that there was 
active manipulation of the landscape and intentional deposition of materials by humans on this 
plaza, and was very likely the location of an activity restricted to an elite group of people due to 
its position between two pyramids. 
 The final layer under consideration for this thesis at 250 cm below surface has a very 
interesting pattern. In the Eastern Plaza and Terrace Area, the space is nearly divided in half 
between areas of extremely low concentrations and high concentrations (Figure 5.9). These are 
split between the different features within this area, with the Eastern Plaza having entirely 
samples of low concentrations while the majority of the East Terrace has high concentrations. 
Additionally, the sample with the highest concentration in this area is AP 60-4, located again at 
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the corner of the megalithic structure, suggesting this was the locus of a repeated activity.  
However, there is a large area with moderately concentrated phosphorus, including the entire  
 
 
 
Figure 5.9. Eastern Plaza and Terrace Area at 250 cm below surface, ICP-OES ppm P 
 
 
 
Figure 5.10. Eastern Plaza and Terrace Area at 250 cm below surface, ICP-OES ppm P 
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Northern Corridor (see Figure 5.10), both passageway and plaza, that suggest that this terrace 
and corridor were the location of some larger and general activity that occurred throughout the 
Cerro Grande Complex, as opposed to a spot-specific one. The best known activity that would 
cause such a large moderate signature is feasting and gathering areas. The pattern suggests that 
this area adjacent to the megalithic structures and Cerro Grande Pyramid was used by large 
groups of people consuming large amounts of food which were left behind on the ground's 
surface to be absorbed into the soil. It is particularly of note that these areas of high phosphorus 
are all on areas that are elevated or restricted. These areas of phosphorus suggest that there was 
likely an elite or separate group of people who were allowed to use this space, since it is not open 
enough to have held a general gathering. 
 
Strontium  
 Strontium is one of the most commonly cited elements for anthropogenic analysis outside 
of phosphorus. This element has an association with areas of human occupation and buildings 
(Gauss et al. 2013). Strontium also has been found to be associated with hearths, due to its 
prevalence in wood ash, while phosphorus is known to be in lower concentrations around hearths 
(Wilson et al. 2005). Looking at this element's spatial distribution, strontium can be used in 
collaboration with the phosphorus measurements to further determine areas of human activity as 
well as provide a stronger argument for areas where structures and hearths may have been 
located.  First, the descriptive statistics need to be examined to make sure that nothing is out of 
place (see Table 5.23 and Figure 5.11). There is a very balanced spread to the distribution, 
showing that it is a normally distributed, with only one outlier above and below which should not 
affect the interpretation of the data. By looking at the five least concentrated samples, we can  
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Table 5.2: Descriptive statistics of ICP-OES strontium in ppm 
Mean 12.5 
Median 12.0 
Std. Deviation 4.4 
Min 0.4 
Max 24.4 
Range 24.1 
Interquartile Range 5.8 
 
 
 
Figure 5.11: Box plot of ICP-OES strontium in ppm 
 
 
determine that the background level of strontium should be below 5 ppm. The maps below show 
contour lines at every increase in 2 ppm, since there is a much smaller range of concentrations 
with strontium than there was with phosphorus. Anything below the line at 6 ppm is considered 
to be a natural area with no human impact. 
 The first layer at 100 cm below surface displays two areas of intense strontium in the 
Eastern Plaza and Terrace Area, seen at AP 73-1 and AP 93-1 (Figure 5.12). There are moderate 
levels across the whole area, which may indicate general human occupation, while these spots 
could be associated with a specific activity. It is interesting that the area of low or background 
levels of strontium abuts the eastern edge of the megalithic structure. This suggests that whatever  
74 
 
 
Figure 5.12: Eastern Plaza and Terrace Area at 100 cm below surface, ICP-OES ppm Sr 
 
 
 
Figure 5.13. Northern Corridor Area at 100 cm below surface, ICP-OES ppm Sr 
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activity was causing the elevated levels of strontium elsewhere in the Eastern Plaza and Terrace 
area were not occurring at this spot.  
 The Northern Corridor in contrast to the eastern areas has a much stronger presence of 
strontium, with the whole corridor having moderate to high levels (Figure 5.13). Particularly, the 
samples with higher elevation (AP 51-1, AP 48-1, AP 52-1, AP 56-1, and 57-1) run alongside the 
megalithic structures and the Cerro Grande Pyramid. This could be due to construction materials 
that were used on these monumental structures. Perhaps this layer indicates a single construction 
stage of the Cerro Grande Complex. It is also interesting to note that the elevated areas of 
strontium are contained within the passageway and Small Plaza, and are not near the entrances to 
the corridor. While not much can be ascertained from this pattern right now, it is still a curious 
feature to note. 
 In the layer at 150 cm below surface, we begin to see more strontium present in the 
eastern area (Figure 5.14). There are still high concentrations at cores AP 73 and AP 93, but  
instead of being isolated spots of high concentration, the surrounding samples also have higher 
concentrations. This may indicate that this area was actively used. In the Northern Corridor we 
see an intense layer of strontium, again likely indicating construction in the passageway between 
the megalithic structures (Figure 5.15). There is an interesting pattern in the Small Plaza, where 
sample AP 53-2 has an extremely high concentration of strontium, while the surrounding four 
samples have much lower values. This indicates a single spot of activity in the plaza, potentially 
a cache or location of a ritual activity or structure, but due to the nature of this isolated sample 
we cannot make any further interpretations. 
 In the layer at 200 cm below surface, there are moderate levels strontium throughout the  
area, which does not give much by way of interpretation except for that the area was generally 
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Figure 5.14. Eastern Plaza and Terrace Area at 150 cm below surface, ICP-OES ppm Sr 
 
 
 
Figure 5.15 Northern Corridor Area at 150 cm below surface, ICP-OES ppm Sr 
 
 
used, with a peek occurring at AP 59-3 (Figure 5.16). This is located at the entrance way to the  
Northern Corridor and can be seen as a part of a larger strontium signature in the passageway 
between the megalithic structures (Figure 5.17). This signature is similar to that in the 150 cm 
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layer, indicating that perhaps there was the same repeated activity, such as construction, 
occurring over time at this space between the megalithic structures. However, the Small Plaza  
 
 
 
Figure 5.16. Eastern Plaza and Terrace Area at 200 cm below surface, ICP-OES ppm Sr 
 
 
 
Figure 5.17. Northern Corridor Area at 200 cm below surface, ICP-OES ppm Sr 
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has a consistent moderate signature of strontium, which unfortunately cannot hint at any 
particular activity. 
 In the final layer analyzed, we see more widespread moderate levels of strontium in the 
eastern area (Figure 5.18). These values do not vary significantly in this area, which again can 
only suggest general human activities or perhaps widespread construction. However, in the 
Northern Corridor we see the high levels of strontium across the entire space, both passageway 
and plaza (Figure 5.19). The sample with the highest concentration is AP 46-4, which is located 
at the corner of the northern of the two megalithic structures, has the highest concentration in the 
area. This heavily suggests that there was construction occurring at this time in the center of the 
Cerro Grande Complex. 
 
 
 
Figure 5.18. Eastern Plaza and Terrace Area at 250 cm below surface, ICP-OES ppm Sr 
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Figure 5.19.  Northern Corridor Area at 250 cm below surface, ICP-OES ppm Sr 
 
 
Calcium 
 Calcium is another commonly mentioned element in the study of anthropogenic chemical 
deposits in soil. Calcium is typically associated with buildings, hearths, and features (Gauss 
2013; Wilson et al. 2005, 2008). It has also been linked to high phosphorus concentrations in the 
cases of agriculture, waste disposal areas, and animal corals, since calcium, in addition to 
phosphorus, is a key component in manure and urine (Oonk et al. 2009). Most importantly, 
calcium is one of the largest chemical contributors to the composition of stucco, lime mortar, and 
clay amalgam. Clay amalgam contains a great deal of charcoal and can contain lime or lime 
plaster (Tatsuya Murakami, personal communication 2014). Areas of high calcium may help 
identify if these types of material were used at Tlalancaleca and where it may have been used in 
construction.  
 Looking at the descriptive statistics of the calcium concentrations, we can see that there is 
a large difference between the levels of concentration between this element and strontium or 
phosphorus (Table 5.3). The concentrations found in the analyzed samples are different from the 
other elements under analysis for two reasons. Calcium is first much more present in the 
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analyzed soils than the other elements, and second the range is significantly larger, with the 
maximum measured concentration of calcium in the dataset being over 4000 ppm Ca, two 
samples that were in fact more concentrated than this, but were too saturated for the machine to 
read. The distribution here is for the most part balanced, with the exception of these few outliers 
(Figure 5.20).  The technique of looking at the five samples with the lowest concentrations 
indicates that anything with a concentration below 1000 ppm Ca is background. While this may 
be the case, with the soil having a natural component of calcium based minerals, the case could 
also be made where all the samples collected from the Cerro Grande Complex were impacted by  
 
 
Table 5.3: Descriptive statistics of ICP-OES calcium in ppm 
Mean 1652.0 
Median 1561.1 
Std. Deviation 511.8 
Min 814.6 
Max 4043.4 
Range 3228.9 
Interquartile Range 613.8 
 
 
 
Figure 5.20. Box plot of ICP-OES calcium in ppm 
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the construction of the site. This could be resolved with background samples, but due to the 
evidence of human occupation across the entire peninsula which Tlalancaleca occupies, there 
was no way by which we could collect background soil samples and know for certain that they 
were true control samples. As a result, this interpretation looks only at areas of high calcium 
which could be associated with buildings, hearths, or other activity based features.   
 The first layer maps have overall low concentrations of calcium. The space of the Eastern 
Plaza appears to have a slightly higher overall concentration than the rest of the Eastern Plaza 
and Terrace Area (Figure 5.21). In the Northern Corridor, we see a similar pattern, with most of 
the area having extremely low concentrations of calcium, with a slight peak in the Small Plaza at  
 
 
 
Figure 5.21. Eastern Plaza and Terrace Area at 100 cm below surface, ICP-OES ppm Ca 
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Figure 5.22. Northern Corridor Area at 100 cm below surface, ICP-OES ppm Ca 
 
 
sample AP 51-1, and is contained to the plaza with moderate concentrations (Figure 5.22). This 
may suggest an activity that covers more space, such as a construction. 
 The layer at 150 cm below surface has some interesting features. Looking at the 
concentrations of calcium in the Eastern Plaza and Terrace Area, we can see an area of very low 
calcium running through the middle of the space, across the East Terrace and Eastern Plaza, with 
slight increases in concentration on either side (Figure 5.23). This could be evidence that this 
area was cleaned or maintained as an open space. In the Northern Corridor however, there is an 
elevated concentration of strontium and calcium at sample AP 53-2, which is surrounded by an 
area with lower concentrations within the Small Plaza. Traveling eastward through the 
passageway between the megalithic strucutres, the concentrations rise again around sample AP 
46-2 (Figure 5.24). This suggests that perhaps there was an isolated activity at this point, perhaps 
a hearth or place where lime mortar or clay amalgam was used in a construction. 
 The Eastern Plaza and Terrace Area at 200 cm below surface has an overall low 
concentrations of calcium, with no discernible patterns (Figure 5.25). Looking at the 
concentrations of calcium in the Northern Corridor, we can see a strong peak and surrounding 
548550 548560 548570 548580 548590 548600 548610 548620 548630 548640 548650
2135780
2135790
2135800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
49-1 51-1
55-144-1 46-1
50-1 52-1
59-1
48-1 56-1
45-1 57-1
53-1
 
 
Small Plaza 
83 
 
 
Figure 5.23. Eastern Plaza and Terrace Area at 150 cm below surface, ICP-OES ppm Ca 
 
 
 
Figure 5.24. Northern Corridor Area at 150 cm below surface, ICP-OES ppm Ca 
 
 
area of elevated concentration at AP 55-3 (Figure 5.26). Since this is confined to the area around 
AP 55-3, and only really spreads across the span of the passageway and is entirely absent from 
the Small Plaza, it is likely the result of a contained activity, such as a hearth or construction 
related to the megalithic structure. 
548660 548670 548680 548690 548700
2135730
2135740
2135750
2135760
2135770
2135780
2135790
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
71-2
86-2
93-2
73-2
84-2
97-2
56-2
70-2
90-2
60-2
99-282-2
92-2
95-2
59-2
548560 548570 548580 548590 548600 548610 548620 548630 548640 548650
2135780
2135790
2135800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
51-2 48-2
53-2
50-2
46-2
52-2 56-2
44-245-2 59-2
 
Eastern 
Plaza 
 
 
Sun-
ken 
Plaza 
 
East Terrace 
East 
Terr-
ace 
 
 
Small Plaza 
84 
 
 
Figure 5.25. Eastern Plaza and Terrace Area at 200 cm below surface, ICP-OES ppm Ca 
 
 
 
Figure 5.26. Northern Corridor Area at 200 cm below surface, ICP-OES ppm Ca 
 
 
 The final level under analysis at 250 cm below surface has a distinct pattern in the 
calcium concentrations in the Eastern Plaza and Terrace Area (Figure 5.27). There is an 
extremely large concentration of calcium at sample AP 82-4, with relatively low concentrations 
of calcium across the rest of the eastern areas. This points to a calcium rich activity occurring at 
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AP 82-4. The Northern Corridor has an overall low concentration of calcium, with a slight peak 
at sample AP 46-4, simply indicating further that this area was actively used and likely was 
associated with  constructions (Figure 5.28). 
 
 
 
Figure 5.27. Eastern Plaza and Terrace Area at 250 cm below surface, ICP-OES ppm Ca 
 
 
 
Figure 5.28. Northern Corridor Area at 250 cm below surface, ICP-OES ppm Ca 
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Barium 
 Apart from phosphorus, strontium, and calcium, there are several other elements that are 
often recognized as having an association with human activities. These include copper, 
aluminum, titanium, potassium, iron, barium, lead, mercury, magnesium, manganese, and zinc 
(Gauss et al. 2013; Oonk et al. 2009; Wilson et al. 2005). While all of these anthropogenic 
elements were measured in both the ICP-OES and pXRF analyses, only a handful of them have 
been analyzed enough to be discussed with archaeological significance. In addition to the above 
elements, barium was chosen for further discussion due to its associations to general 
archaeological features and settlement areas (Abrahams et al. 2010). Barium has also been tied to 
the specific features of houses, hearths, and middens, though it is still not known as to what 
material or human activity directly causes the deposit of barium in archaeological soils (Parnell 
et al. 2002a; Wilson et al. 2008). Barium was chosen to test its ability to identify spot specific 
features or widespread activity like in the case of calcium above. 
 Looking at the descriptive statistics for barium, we can see that the range of 
concentrations is more in line with the strontium and phosphorus data, with a minimum 
concentration of 0.2 and a maximum of 82.8 ppm (Table 5.4). The distribution of samples is very 
balanced, with only a few outliers at either extreme (Figure 5.29). These outliers on the low end 
of the spectrum are likely outliers since the current assumption is that the majority of soils at the 
Cerro Grand Complex have experienced human disturbances. Looking at the lowest five 
samples, we can determine that any sample below 20 ppm is background. With contour lines on  
the maps below occurring at every 5 ppm increase in concentration, this means that all areas 
above the fourth line are areas of human impact. 
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Table 5.4. Descriptive statistics of ICP-OES barium in ppm 
Mean 44.5 
Median 43.6 
Std. Deviation 12.9 
Min 0.2 
Max 82.8 
Range 82.6 
Interquartile Range 16.4 
 
 
 
Figure 5.29. Box plot of ICP-OES barium in ppm 
 
 
 In the first layer we can see some interesting distributions of barium across both the 
Eastern Plaza and Terrace Area as well as the Northern Corridor. In the Eastern Plaza and 
Terrace Area, nearly the entire space is covered in moderate concentrations of barium, with 
peaks at AP 73-1 and AP 93-1 (Figure 5.30). These could be indicative of different activities, 
occurring on the terrace and plaza levels. It is also important to note the single sample with 
extremely low concentrations of barium, AP 70-1. This is located directly east of the megalithic 
structure, and perhaps could indicate cleaning or an area that was intentionally not used. The  
Northern Corridor also has entirely moderate to high concentrations of barium across the entire 
area (Figure 5.31). The areas of high concentration however are contained to each of the 
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Figure 5.30. Eastern Plaza and Terrace Area at 100 cm below surface, ICP-OES ppm Ba 
 
 
different areas, the Small Plaza and the passageway. This may be indicative of structures or 
constructions associated with the monumental structures bordering these features, similar to the 
case with strontium.  
  The next layer at 150 cm below surface also has some interesting features. First, the 
entire Eastern Plaza and Terrace Area is covered in moderate levels of barium, likely as an 
indication of occupation and active use of the space (Figure 5.32). However, the areas with the  
higher concentrations seem to be bounded in the southern portion of the Eastern Plaza (samples 
AP 93-2 and AP 99-2) and the northern portion of the East Terrace (samples AP 73-2, AP 59-2, 
and AP 56-2). This could just be the concentrated locations of activity, but not much can be said  
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Figure 5.31. Northern Corridor Area at 100 cm below surface, ICP-OES ppm Ba  
 
 
 
Figure 5.32. Eastern Plaza and Terrace Area at 150 cm below surface, ICP-OES ppm Ba 
 
 
at this point. The activity on the East Terrace however could be tied to the Northern Corridor, 
where the entire passageway between the megalithic structures having extremely high 
548550 548560 548570 548580 548590 548600 548610 548620 548630 548640 548650
2135780
2135790
2135800
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
49-1 51-1
55-144-1 46-1
50-1 52-1
59-1
48-1 56-1
45-1 57-1
53-1
548660 548670 548680 548690 548700
2135730
2135740
2135750
2135760
2135770
2135780
2135790
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
71-2
86-2
93-2
73-2
84-2
97-2
56-2
70-2
90-2
60-2
99-282-2
92-2
95-2
59-2
 
 
Eastern 
Plaza 
 
 
Sun-
ken 
Pla-
za 
 
 
 
East Terrace 
 
 
 
East 
Terr
-ace 
 
 
Small Plaza 
90 
 
concentrations of barium (Figure 5.33). In addition to this, we see a similar pattern to the other 
elements analyzed in sample AP 53-2, where again there is a spot of extreme concentration 
indicating an isolated activity occurring at this location on the Small Plaza. 
 
 
 
Figure 5.33. Northern Corridor Area at 150 cm below surface, ICP-OES ppm Ba 
 
 
 
 
Figure 5.34. Eastern Plaza and Terrace Area at 200 cm below surface, ICP-OES ppm Ba 
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 The layer at 200 cm below surface in the eastern areas does not reveal a great deal of 
information. This depth has moderate concentrations throughout, in no pattern that reflects the 
use of one space over another (Figure 5.34). There is however a single spot of high concentration 
at AP 56-3, located at the corner of the megalithic structure, which is a part of a larger feature in 
the Northern Corridor as well. In the Northern Corridor, we can see that the passageway between 
the megalithic structures is highly concentrated in barium along the southern portion which abuts 
a megalithic structure (Figure 5.35). As before, this could be associated either with activities or 
structures connected to this space between the monumental structures. This is in contrast to the  
lower concentration in the Small Plaza, suggesting there was a difference in uses of these two 
spaces. 
 In the final layer, there is not a great deal of variation again in the eastern area. The 
Eastern Plaza and Terrace Area has very little variation, with all of the samples having moderate 
concentrations of barium (Figure 5.36). This again cannot tell us much other than that the entire 
area was actively used. The Northern Corridor as well has very little variation, but this time the 
entire space is highly concentrated with barium (Figure 37). This concentration appears to be  
 
 
 
Figure 5.35. Northern Corridor Area at 200 cm below surface, ICP-OES ppm Ba 
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Figure 5.36. Eastern Plaza and Terrace Area at 250 cm below surface, ICP-OES ppm Ba 
 
 
 
Figure 5.37. Northern Corridor Area at 250 cm below surface, ICP-OES ppm Ba 
 
 
centered around sample AP 46-4, suggesting that there may be a construction layer or overall use 
of the space centrally located within the Cerro Grande Complex. 
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Interpretations on Activities in the Cerro Grande Complex 
 Looking at the above maps, we can draw some conclusions about how space was used in 
the Cerro Grande Complex. By comparing the patterns between the elements, we can start to 
make inferences about the activities occurring in these areas and, by looking at these layers from 
deepest to shallowest depths, we can begin to explain how space was used over time.  
 The deepest layer perhaps has the most interesting signature for phosphorus, where there 
are intense phosphorus concentrations on the East Terrace which, spread out through the 
Northern Corridor. This is indicative of the division of space through activity, with exclusive 
feasting activities located on the terraces above the plaza and the space between monumental 
structures. At first, the other elements in this area did not reveal many patterns, but taken into 
consideration with the phosphorus, we can see some support for this use of space. Strontium and 
barium both have slightly higher concentrations on the terraces, further indicating that these were 
areas of intensive use, if not intended construction. Strontium, calcium, and barium all also have 
extreme concentrations throughout the Northern Corridor, with a spot of intense concentration at 
AP 46-4, while phosphorus only has moderate concentrations throughout this space. This is most 
likely due to the constructed nature of this space, and perhaps indicates a period of construction 
and intense use. 
 At 200 cm below surface, we can see further associations between strontium, calcium, 
and barium. All of these elements contain a peak at sample AP 56-3, which is located at the 
entrance to the Northern Corridor at the corner of a megalithic structure. This likely indicates a 
feature such as a building associated with the megalithic structure, since the phosphorus in this 
area is very low. There appear to be other indications of activities associated with the megalithic 
structures in the Northern Corridor due to the elevated concentrations of these three elements 
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alongside the monuments in the eastern portion of the corridor. However, the lower 
concentrations of these elements in the Small Plaza suggest that perhaps these were associated 
with a construction period or activity specific to the megalithic structures, and not the nearby 
pyramid. While we cannot confirm this yet, this may be a primary indication of differing 
activities between these two spaces, or a continuation of possible construction in the passageway 
present in the earlier layer at 250 cm below surface. This idea of segregated activities is also 
suggested by the contrasting patterns presented in the phosphorus maps, with the extremely low 
concentrations of phosphorus in the space between the megalithic structures, peaks on either side 
on both the East Terrace and in the Small Plaza. This helps to support the idea that construction 
or other activities were occurring in the passageway between the megalithic structures, with all 
activities involving food or other organics being isolated in the Small Plaza near the Cerro 
Grande Pyramid and eastern plazas.  
 Moving on to the next layer at 150 cm below surface, the first layer which we can assume 
was occupied during the period where Tlalancaleca and Teotihuacan were contemporaries. We 
are assuming this because a piece of Thin Orange pottery, indicative of this period, was found at 
141 cm below surface, in the stratigraphy that contains the maps made at both 150 and 100 cm 
below surface. Here again we can see similarities between strontium, calcium, and barium. In the 
Eastern Plaza and Terrace area, there are elevated levels of these elements first in the northern 
portion of the East Terrace as well as in the southern part of the Eastern Plaza. The space 
between these two areas has relatively lower concentrations, suggesting that there was some kind 
of separation between these activities. However, the phosphorus in this layer is extremely low 
across nearly the whole eastern area, with peaks only occurring in front of the megalithic 
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structure and on the sunken plaza. This is almost opposite of the rest of the elements, again 
suggesting segregation of activities such as food consumption from more general uses of space.  
 The Northern Corridor at 150 cm below surface has some truly interesting signatures 
when all the elements are examined together. Again, strontium, calcium, and barium have a 
strong correlation of patterns in this area. They all have a spot of intense concentration at AP 53-
2, surrounded by samples with relatively much lower concentrations. While we cannot say much 
due to the distance between these elevated samples and those around it, I would suggest that this 
is the location of a structural feature or cache. This is supported by the restricted nature of the 
Small Plaza, located between two pyramids and adjacent to two megalithic structures. The idea 
of a structural feature as opposed to a site of ritual or ceremony is better supported when you 
consider that the phosphorus at this spot is relatively low. Instead, phosphorus has an extremely 
high and relatively isolated peak at the nearby sample of AP 44-2. Due to the distance to other 
samples not much can be said about this location other than was actively used, likely for food 
consumption of ritual deposits by the nature of its location on the plaza near the Cerro Grande 
Pyramid. In addition to these isolated features, there are areas of elevated levels of barium and 
strontium in the passageway between the megalithic structures indicating this as an active area.  
 Finally, we can examine the level at 100 cm to look at the most recent layer of activity at 
Tlalancaleca included in this study. In the Northern Corridor, there is pattern of a lack of 
phosphorus in the passageway between the megalithic structures while the same area has 
elevated levels of strontium and barium. The difference here is that strontium and barium 
signatures are also present in the Small Plaza, where there are also elevated levels of calcium. 
The pattern of strontium and barium present in the passageway has been repeated distinctly in 
the layers at 200, 150, and 100 cm below surface. This indicates that either this space was 
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intensely used by an activity that would deposit these specific elements that we cannot identify 
yet, or that the area was constantly undergoing construction. It is important to note though that 
these elements are not isolated to the space between the megalithic structures, but are present on 
the Small Plaza in this level as well. This shows that whatever activity caused this anthropogenic 
deposit was associated with both types of structures. In this layer however, there is more 
phosphorus activity in the Northern Corridor, with elevated levels at both ends of the space 
between the megalithic structures, with the area in the middle and the Small Plaza totally devoid 
of phosphorus. This could indicate that either the space was intentionally cleared either by 
construction or cleaning, or alternatively it was a walkway, with foot traffic clearing any organic 
debris from the space.  
 Looking to the Eastern Plaza and Terrace area at this depth, the signatures are more 
isolated than in previous layers. Phosphorus is contained to the entrance to the Northern 
Corridor, separating any activity from both the plazas and the terrace. The other three elements 
are correlated, with an extremely low concentration at AP 70-1 and higher concentrations on the 
East Terrace and southern portion of the Eastern Plaza, focused around samples AP 73-1 and AP 
93-1 respectively. Due to its location near the edge of a terrace, there could be another isolated 
feature or structure at AP 73-1, similar to the spot in the layer at 200 cm below surface. There 
have been no studies that demonstrate an archaeological activity that would deplete the 
strontium, calcium, and barium seen at AP 70-1, but it is important to note in case a unique 
feature is found in this location during excavations.  
 Ultimately, we cannot truly know what any of these signatures mean at this moment, 
when no excavations have been completed in these areas. However, recommendations can be 
made for future excavations. In the Eastern Plaza and Terrace area, excavations should be 
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focused around the entrance to the Northern Corridor and along the stretch of the Eastern 
Terrace. These areas contain the majority of interesting signatures and, if feasting did occur 
exclusively on the Eastern Terrace at 250 cm below surface, then there should be further 
evidence of this in the cultural material record. In the Northern Corridor, excavations should start 
along the edges of the megalithic structures and Cerro Grande Pyramid, which may help 
determine if strontium, barium, and calcium are tied to construction phases of these structures, or 
if they are indicative of different activities. Finally an excavation should take place in the Small 
Plaza, particularly around the location of AP 53, due to the unique patterning of strontium, 
calcium, and barium at 150 cm below surface. Excavations would help clarify if these signatures 
was a cache, building, or other activity. These excavations should also be able to demonstrate if 
feasting was occurring in this area at 200 cm below surface. Through excavation, we can 
evaluate what is postulated here, but these early investigations in turn help the excavations. 
These elemental signatures have located areas that are likely of great interest to the study of 
urbanism and the use of space at Tlalancaleca, as well as help put any future excavations in a 
context of known division of spaces through activities.  
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Chapter 6 
A Comparison of Methods 
 
 
 Part of this research includes the comparison of three different methods that have been 
used by archaeologists in examining activity areas through soil analysis. I conducted analyses of 
soil samples using ICP-OES, Mehlich colorimetry, and pXRF. By comparing the results from 
these methods using both linear regression analysis and a comparison of the maps of 
interpolations of the measured elements, I can determine if these methods are interchangeable 
and if there should be a preferred method by archaeologists in studying activity areas. In addition 
to comparing between these different methods, each method measured more than one element, 
allowing for an internal comparison of the methods to determine if the methods are consistent 
within themselves.  
 
Comparison of Phosphorus between ICP-OES, Mehlich colorimetry, and pXRF  
 The only element that was measured across all three methods was phosphorus. This is 
due to the nature of the Mehlich colorimetry, which only measured phosphorus and its two most 
common ionic forms, phosphate (PO4) and diphosphorus pentoxide (P2O5). By comparing how 
much phosphorus was measured in each sample in each method, we have an easy way of 
determining if the three methods are consistent. Any variation seen is a reflection of the variation 
between the methods, since the physical soil sample that was measured in each method was the 
same, since the same 3-5 gram portion of soil was first analyzed by the non-destructive pXRF 
then with ICP-OES and Mehlich colorimetry. Before looking at any statistical analysis, it is 
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important to note again that there was no calibration software readily available for the pXRF 
analysis of lighter elements. This means that the values for how much phosphorus is present in 
the soil are unit-less, and are simply relative to each other. However, the values should still be 
representative of the relative differences between samples measured by the pXRF. There are 
fundamental differences between the three different methods, with Mehlich colorimetry 
examining the easiest phosphorus to extract, the ICP-OES method using a stronger acid that 
extracts all available phosphorus, and pXRF measuring total phosphorus. This means that, while 
the Mehlich colorimetric method extracts the equivalent of a snapshot of the anthropogenic 
phosphorus, ICP-OES removes all anthropogenic phosphorus, and pXRF measures both natural 
and anthropogenic phosphorus. Each of these methods have been used because in theory, the 
only variation in the amount of phosphorus in the soil should be that caused by humans, and thus 
the anthropogenic phosphorus.   
 In a brief analysis of the basic statistics of each methods' dataset for the measured 
phosphorus, we can see that the ICP-OES and Mehlich colorimetry, which both measured 
phosphorus in ppm, are very similar (Table 6.1). They have nearly identical mean values of 
phosphorus and very similar values for the median and standard deviation. Even the pXRF data 
are similar, with the mean value being approximately one-third the value of the maximum 
sample of the dataset.  
 However, when we begin to look at the associations between these methods, we can see 
that there are some differences. In theory, the ICP-OES and Mehlich colorimetric methods 
should be similar in their measurements of soil phosphorus, but we can see that this is not the 
case when looking at the linear regression (Figure 6.1). There is almost no correlation between 
the phosphorus measured with each of these methods (r=0.085, p=0.259, y=0.07x+28.22), but  
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Table 6.1. Descriptive statistics of the ICP-OES P in ppm, Mehlich P in ppm, and pXRF relative 
P values data 
Method ICP-OES P in ppm Mehlich P in ppm pXRF P in relative value 
Mean 30.1 30.3 238 
Median 24.0 28.7 223 
St. Deviation 28.0 23.0 83 
Minimum 1.9 0.0 52 
Maximum 146.6 99.0 722 
Range 144.6 99.0 670 
Interquartile Range 42.9 39.1 99 
Coefficient of Variation 0.93 0.76 0.35 
 
 
 
Figure 6.1. Linear regression of ICP-OES and Mehlich colorimetry measurements of phosphorus 
(r=0.085, p=0.259, y= 0.07x+28.22) 
 
 
interestingly this also has no statistical significance. Looking next to the correlation between 
ICP-OES and pXRF measurements of phosphorus (Figure 6.2), we can see that there is almost an 
identical relationship, with almost no correlation between these two methods and again with no 
significance (r=0.088, p=0.243, y= 0.26x+2.31x10
2
). A final comparison of regressions between  
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Figure 6.2. Linear regression of ICP-OES and pXRF measurements of phosphorus (r=0.088, 
p=0.243, y= 0.26x+231) 
 
 
Mehlich colorimetry and pXRF shows a slightly better association, with a slightly stronger 
relationship that is statistically significant (Figure 6.3) (r=0.244, p=0.001, y= 0.89x+212). While 
this comparison still does not demonstrate enough correlation to use pXRF and Mehlich 
colorimetry interchangeably, the difference between the two datasets is significant enough that 
we can conclude that these datasets are representative of different forms of P. In sum, these 
results can be explained by the differences between the methods. Mehlich colorimetry only 
extracts phosphorus loosely bound to the soil matrix due to the weak acid cocktail, while the acid 
used in ICP-OES is stronger and can remove all anthropogenic phosphorus signatures. In 
contrast, pXRF measures all signatures, including anthropogenic and diagenic, due to the 
analysis of a solid and undigested sample.  
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Figure 6.3. Linear regression of Mehlich colorimetry and pXRF measurements of phosphorus 
(r=0.244, p=0.001, y= 0.89x+212) 
 
 
 Another way to demonstrate that there are differences between these three methods is by 
examining the maps of elemental distributions created from each dataset. We can see that while  
there may not be statistically significant differences, there are enough differences in these maps 
to confirm that these three methods are not measuring the same forms or amounts of phosphorus. 
When comparing the maps made at 100 cm below surface in the Eastern Plaza and Terrace Area, 
there are slight similarities between the ICP-OES and Mehlich colorimetry maps, while the map 
created by the pXRF data is statistically significant different (Figure 6.4). The full extent of the 
maps made from the Mehlich colorimetry data and the pXRF data can be seen in Appendices B 
and C, respectively, along with the original data in Appendix D. In the map made at 200 cm 
below surface in the Eastern Plaza and Terrace area, the differences between the ICP-OES, 
Mehlich colorimetry, and pXRF methods are substantial (Figure 6.5). Again, we see that the  
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Figure 6.4. Eastern Plaza and Terrace Area at 100 cm below surface comparison between ICP-
OES ppm P (left), Mehlich colorimetry ppm P (center) and pXRF relative P values (right) 
 
 
  
Figure 6.5. Eastern Plaza and Terrace Area at 200 cm below surface comparison between ICP-
OES ppm P (left), Mehlich colorimetry ppm P (center) and pXRF relative P values (right) 
 
 
pXRF measurements of phosphorus are not related to the ICP-OES or Mehlich colorimetry 
measurements. The slight similarities that were present at 100 cm between the ICP-OES and 
Mehlich colorimetry data are absent in another layer at 200 cm. Here, it is clear that almost no 
phosphorus was detected on the East Terrace and the majority of the Eastern Plaza with the 
Mehlich colorimetric method, which would indicate maintenance and cleaning of the area. 
However, when we look at the ICP-OES map, we can see that there are in fact peaks of 
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phosphorus in these areas. Both of these methods have been used with accuracy in previous 
studies (see Cook et al. 2006; Gauss et al. 2013; Middleton et al. 2010; Parnell et al. 2002a), but 
here it is evident that there are differences between these methods. Hopefully future excavations 
and testing will help in determining which of these methods is the more accurate of the two for 
soil phosphorus testing.  For now, archaeologists prefer the stronger method of ICP-OES, due to 
its ability to remove all anthropogenic phosphorus.  
 One conclusion that we can make with certainty is that pXRF's measurement of natural 
phosphorus overwhelms that of the anthropogenic signatures, making this a challenging method 
in measuring anthropogenic phosphorus signatures of human activity areas at Tlalancaleca. This 
is due in part, to the nature of the pXRF instrumentation, with the detector only having the ability 
to accurately measure phosphorus concentrations above 300 ppm (Lee Drake, personal 
communication 2014). While there is no evidence of anthropogenic phosphorus above 300 ppm 
found in either of the two methods we did not measure the total phosphorus with an acid 
extraction method due to timing constraints, as well as the dangerous chemicals that these 
methods require. While the pXRF method may better work in an area that has extremely large 
deposits of phosphorus, this is not easy to predict at archaeological sites. In the case at 
Tlalancaleca, the pXRF data suggest that the distribution of naturally occurring phosphorus 
varies across the Cerro Grande Complex. If the natural soil phosphorus is homogeneous across a 
survey area, then the anthropogenic signatures should be the only variation, and pXRF would be 
able to detect the archaeological features. Until we are able to determine if the natural soil 
phosphorus is homogeneous across the Cerro Grande Complex, the method of pXRF should not 
be used in future research. 
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Comparison of Strontium, Calcium, and Barium between ICP-OES and pXRF  
 After phosphorus, strontium, calcium, and barium are some of the elements most 
commonly tied to archaeological features. These three elements were measured both with ICP-
OES and pXRF methods. While both have been used in the past to measure these elements for 
soil activities, there have been few cross-comparisons of these two methods yet (McCormick 
2013). The ICP-OES is a much more frequently used method, along with acid digestion methods 
for elemental analysis, and thus is the more trusted of the two methods for human activity 
analysis. The method of pXRF has a great deal of potential in these kinds of soil studies, since it 
has the ability to vastly speed up the process of soil chemical analysis, with the ability to rapidly 
analyze soil samples in field laboratories where wet chemical methods (those involving acids) 
are not a plausible reality. In order to test this possibility of the pXRF being used as a field 
method, samples were prepared in the most basic way possible, as can be seen in Chapter 4. It is 
important to note that ICP-OES is a better detector for a larger spectrum of elements, while 
pXRF has been used more in archaeology on heavier elements, starting in the transition metals 
and continuing down the periodic table. The elements under consideration, strontium, calcium, 
and barium, fall across a range of masses, allowing for analysis across the spectrum of elemental 
weights.  
 Strontium and barium were two of the most likely candidates for accurate measurement 
using the pXRF, since they are both common trace elements used in a variety of pXRF studies, 
and were able to be calculate for a concentration in ppm using a calibration curve. While the 
calibration curve used was designed for silicon materials, which in archaeology are mostly 
obsidian and clay objects, it has the ability to translate the raw pXRF data into concentrations of 
ppm for heavier elements such as strontium. This should translate well to soil, which is also a 
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silicon based material. Looking at the descriptive statistics of the strontium and barium data from 
both the ICP-OES and pXRF methods, we can immediately tell that there is a difference in the 
results of these two methods (Tables 6.2 and Table 6.3). There is drastically more of each of 
these elements measured in the pXRF analysis than in the ICP-OES method. This could be due 
to the difference in sample preparation, where only available, or loosely bound, cations of 
strontium and barium were removed from the sample for analysis in the ICP-OES method 
through wet chemistry, while the pXRF method measured the total amount of each element, 
including what is naturally present, in the soil. In future studies, research needs to go into 
understanding this relationship of anthropogenic and natural levels of elements in the soil and the 
ability of the pXRF method to detect the difference between the two.  
 
 
Table 6.2. Descriptive statistics of strontium in ppm from the ICP-OES method and pXRF 
method 
Method ICP-OES Sr (ppm) pXRF Sr (ppm) 
Mean 12.7 563 
Median 12.1 571 
Std. Deviation 4.4 84 
Min 0.4 147 
Max 24.4 746 
Range 24.0 599 
Interquartile Range 5.7 95 
Coefficient of Variation 0.35 0.15 
 
 
Table 6.3. Descriptive statistics of barium in ppm from the ICP-OES method and pXRF method 
Method ICP-OES Ba (ppm) pXRF Ba (ppm) 
Mean 44.9 2451 
Median 44.0 2443 
Std. Deviation 12.9 436 
Min 0.2 654 
Max 82.8 3724 
Range 82.6 3070 
Interquartile Range 16.2 517 
Coefficient of Variation 0.29 0.18 
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 While there is this initial difference in measured values, what truly matters in this kind of 
study is the relative difference between samples within the method. Samples that have a 
relatively high concentration of either of these elements in the ICP-OES analysis should also 
have relatively high concentrations in the pXRF analysis. For pXRF to work in activity area 
analysis, the variation of samples measured in the pXRF method should be the same as the 
anthropogenic variation seen in the ICP-OES method. In linear regression analysis of the two 
methods using both strontium and barium, more variation can be seen in these methods than just 
the anthropogenic features of the samples (Figure 6.6 and Figure 6.7). This linear regression 
analysis shows that there is in fact a slight negative correlation between the concentrations of 
strontium found in the ICP-OES and pXRF methods, but even this correlation is not significant 
(r=0.145, p=0.53, y= -2.78x+598), meaning that there is in reality weak correlation between the  
 
 
 
Figure 6.6. Linear regression of data from the measurement of Sr in the ICP-OES and pXRF 
methods (r=0.145, p=0.530, y= -2.78x+598) 
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Figure 6.7. Linear regression of data from the measurement of Ba in the ICP-OES and pXRF 
methods (r=0.012, p=0.877, y=-0.39x+247) 
 
 
two methods. Barium also has a poor correlation with no significance, with the linear regression  
line being practically flat through the middle of the scatter plot (r=0.012, p=0.877, y=-
0.39x+247). However, this is likely due to the fact that the X-rays used in measuring barium (the 
L-lines) overlap with the X-rays that measure titanium (K-lines). This overlap makes it hard for 
an accurate measurement of barium to be achieved due to the difficulty in separating the barium 
and titanium readings. Potentially a different setting could be used for a more accurate reading of 
barium in soils in the future. Another way to improve the accuracy of pXRF measurement would 
be the use of archaeological soil standards and the consistent use of these in future studies.  
 By comparing the maps made using the data from both these methods, the differences in 
ICP-OES and pXRF are reiterated. Looking at an area of particular interest in the previous 
chapter, the Northern Corridor at 150 cm below surface, there should be an isolated area of 
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interest at the far western portion of the area according to the ICP-OES data, but in the pXRF 
samples there is in fact a lower concentration at this location (Figure 6.8 and Figure 6.9). While 
pXRF has the ability to accurately measure heavy elements, it cannot be used with any accuracy 
for determining anthropogenic features in this particular context.  
 There is a slightly different situation in the examination of calcium. There was no 
calibration curve to translate the raw pXRF data of calcium into ppm, leaving the data as values 
of relative concentration. If pXRF is to be used in the future for this kind of study, calibration 
calculations need to be created for calcium in archaeological soils. However, as can be seen from 
the ICP-OES data, there is an extremely high concentration of calcium in the sample. Looking at 
the descriptive statistics, there are no obvious suggestions that the pXRF has inaccurately read 
  
 
 
Figure 6.8. Northern Corridor at 150 cm below surface comparison between ICP-OES ppm Sr 
(left) and pXRF ppm Sr (right) 
 
 
 
Figure 6.9. Northern Corridor at 150 cm below surface comparison between ICP-OES ppm Ba 
(left) and pXRF ppm Ba (right) 
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the calcium concentration (Table 6.4). However, when looking at the linear regression analysis, 
there is a point of interest worth noting (Figure 6.10). While there is no good overall correlation, 
all but one of the samples that were measured at extremely high concentrations on the ICP-OES 
also had extremely high concentrations detected with the pXRF. This may be indicative of the  
 
 
Table 6.4. Descriptive statistics of calcium in ppm from the ICP-OES method and area under a 
curve from the pXRF method 
Method ICP-OES Ca pXRF Ca in relative value 
Mean 1667.3 61653 
Median 1578.4 61792 
Std. Deviation 513.4 7709 
Min 814.6 34743 
Max 4043.4 86483 
Range 3228.9 51740 
Interquartile Range 625.7 9127 
Coefficient of Variation 0.31 0.13 
 
 
 
Figure 6.10. Linear regression of data from the measurement of Ca in the ICP-OES and pXRF 
methods (r=0.0286, p<0.005, y=4.29x+545) 
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ability of the pXRF to better read the light element of calcium when it is at extremely high  
concentrations, which in this case is above approximately 2700 ppm. Unfortunately, calcium is 
not found in these extreme concentrations across the entire space of Tlalancaleca. 
 
Internal Comparisons of Methods 
 By performing a statistical analysis of the elements measured within each method, we can 
determine if, at minimum, each method is constant within itself. This can be done since multiple 
elements were measured in each method which should be in some way correlated to one another.  
 The Mehlich colorimetric method uses the Hach Portable Colorimeter, which can 
measure three different phosphorus compounds at once from the same sample preparation (P, 
P2O5, and, PO4). Only two of these were of importance to this study phosphorus (P) and 
phosphate (PO4), since phosphate is the most common form of anthropogenic phosphorus ions. 
These datasets could then be compared for internal precision and accuracy of the detector. The 
descriptive data for ppm PO4 is roughly three times larger than that of P, which is accurate since 
the PO4 molecule is about three times larger than the P atom (Table 6.5). In a liner regression 
analysis, we can see a near perfect correlation between these two measured forms of phosphorus 
(Figure 6.11). While this should have resulted in a perfect correlation, there were minor  
 
 
Table 6.5. Descriptive statistics of the Mehlich P and Mehlich PO4 data 
Method Mehlich P in ppm Mehlich PO4 
Mean 30.3 93 
Median 28.7 81 
St. Deviation 23.0 74 
Minimum 0.0 0 
Maximum 99.0 275 
Range 99.0 275 
Interquartile Range 39.1 126 
Coefficient of Variation 0.76 0.80 
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Figure 6.11. Linear regression of data from the measurement of P and PO4 in the Mehlich 
colorimetric method (r=0.968, p<0.005, y=2.93x+2.89) 
 
 
fluctuations in the data, resulting in a very strong correlation of P and PO4 measured in the 
Mehlich colorimetric method (r=0.968, p<0.005, y=2.93x+2.89). 
 To examine the internal consistencies for the ICP-OES and pXRF methods, a comparison 
can be done with the measurements of barium and strontium. This is because these two elements 
are both cation alkaline earth metals, and thus follow the same chemical processes of being 
absorbed into the soil from anthropogenic practices and then extracted from the soil for analysis. 
Looking first at the comparison of barium and strontium in the ICP-OES method, we can see that 
there is a very good correlation between these two elements (Figure 6.12). This demonstrates that 
there is good internal correlation within the ICP-OES detector, meaning that there is little 
variation due to the actual measurements of the detector. The same can be seen in the linear  
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Figure 6.12. Linear regression of data from the measurement of Ba and Sr in the ICP-OES 
method (r=0.818, p<0.005, y=0.28x+0.02) 
 
 
 
Figure 6.13. Linear regression of data from the measurement of Ba and Sr in the pXRF method 
(r=0.823, p<0.005, y=0.16x+173) 
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regression analysis of barium and strontium for pXRF (Figure 6.13). This not only demonstrates 
good correlation within these detectors, but the high r values of these correlation analyses show 
that these two elements may be linked to similar archaeological activities that resulted in these 
anthropogenic signatures of barium and strontium. More research needs to be aimed toward 
discerning the activities associated with barium and strontium. 
 
Summary 
 In looking at this variety of comparisons of the methods used in this research, the clearest 
result is that there need to be more studies of this nature in order to fully discern the differences 
between these methods. It is important to note first that each method 'worked', in the sense that 
they were internally precise, meaning that each machine measured consistently within its 
method. With this in mind, the differences seen in methods can point out some directions that 
future research should take in better refining our methods for chemical analysis of anthropogenic 
soils.  
 Looking first at the study of phosphorus, we can initially see that the three different 
methods used all provided significantly different results. This is most likely due to the different 
forms of phosphorus measured in each method, with Mehlich extracting only loosely bound 
phosphorus which is available for nutrient uptake in plants, pXRF measuring natural and 
anthropogenic phosphorus, and ICP-OES measuring all anthropogenic phosphorus. While the 
chemical method for ICP-OES is the best for extracting all anthropogenic phosphorus, it is not 
the most common method for phosphorus analysis, with Mehlich colorimetry often being utilized 
in studies of human activity areas (e.g. Barba 2007; Parnell et al. 2002a; Parnell et al. 2002b; 
Terry et al. 2000; Terry et al. 2004). However, these studies have shown that the chemical data 
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found in the Mehlich colorimetry method did in fact correlate to the other forms of data collected 
through excavation. How then, if my research shows that there is a significant difference 
between these methods, can both ICP-OES and Mehlich colorimetry be used in the same 
capacity of measuring anthropogenic phosphorus? Did these other studies successfully use the 
Mehlich colorimetry method because of the context of the studies within more restricted areas 
than the survey of the Cerro Grande Complex? Is it because there was simply more phosphorus 
present to allow for more accurate detection of highly concentrated areas of phosphorus? Since 
these are distinctly different methods with similar uses, further research needs to be done on the 
two methods to better ascertain when each should be used and in what context they prove to be 
the most successful in identifying activity areas. 
 With regards to the use of pXRF in this thesis, it is clear that there are two problems that 
need to be resolved before it can be considered a successful method for identification of human 
activity areas. First, the fact that pXRF measures both anthropogenic and diagenic signatures 
needs to be accounted for, either through using this method only in areas with homogenous 
natural levels of the elements, or through adding an extraction process onto the methodology. 
Second, more specific settings and calibrations need to be used in future pXRF studies of human 
activity areas. The use of a helium purge in place of a normal vacuum in analyzing for light 
elements such as phosphorus and calcium would increase accuracy, while adjusting the internal 
settings for detection of different X-rays would increase accuracy in measuring barium. These 
were not known of at the time of analysis for my research, but should be adjusted for in future 
analyses of this nature. 
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Chapter 7 
Conclusion, Interpretation, and Future Research 
 
 
 In the completion of this research, I am now able to address my research questions. First, 
by examining the results of comparing the different methods used in analyzing soil chemistry, I 
can address which methods can be used in the search for chemical residues of human activities. I 
can also now report findings on the activities at Tlalancaleca and how this reflects upon the built 
environment through areas of specific activity or changes over time. Finally, this research left 
many more questions than answers, as in the case of most research, and I will suggest future 
research for both the field of archaeological soil chemistry and Tlalancaleca.  
 
Activity Areas of the Cerro Grande Complex at Tlalancaleca 
 The majority of my research questions were focused on what the activity areas revealed 
through geochemical prospection could tell us about Tlalancaleca. The map below demonstrates 
the areas of interest, with the sample areas outlined as well as locations of several monumental 
structures that are often associated with public events or ceremonial activity (Figure 7.1).  In 
examining several points of interest in the chemical maps depicted in Chapter 5, we can begin to 
infer meaning behind the activity areas, postulating what they may signify on a cultural level. 
Traditionally this could then be extrapolated outwards into what the meanings of these activities 
in the space of Cerro Grande could mean for the built environment and social organization of 
Tlalancaleca. However, due to the sample design of a 20 m grid, we only infer if activities were  
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Figure 7.1. Location of auger probes used in analysis at the Cerro Grande Complex and their 
areas of analysis. The outlined areas are the Northern Corridor (center) and the Eastern Plaza and 
Terrace Area (right). 
 
 
large scale or small scale, what the spaces they were confined to may suggest, and what class of 
activities may have occurred. 
 The lowest level at 250 cm below surface has a unique feature of phosphorus being 
contained to the East Terrace, separating it from the plaza areas with low concentrations of 
phosphorus. This is a clear division of space through activity, with an event such as feasting, or 
any other wide distribution of organic debris, being contained to these elevated areas. The 
additional elevations of strontium and barium on the terraces again suggest their active use. 
These upper levels above the plazas would be an interesting area to investigate with excavation, 
in order to help confirm this idea of segregated spaces which were likely in association with 
power and social structures at Tlalancaleca.  
 The Northern Corridor, has perhaps the most interesting chemical signature in the level at 
150 cm below surface, another repeating pattern in the concentrations of strontium, calcium, and 
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barium. The Small Plaza contains sample of AP 53-2 which has extremely high concentrations of 
strontium, calcium, and barium, while the samples surrounding it have very low levels of these 
elements in comparison. This plaza is located just north the Cerro Grande Pyramid and east of 
the smaller pyramid. This could be the location of a structure, a relatively small one due to the 
lack of evidence for it in the surrounding samples, a cache, or isolated activity on this plaza. That 
is all that can be interpreted from this location; however, with just the one sample giving extreme 
values on one bounded area. This is a location where excavations would be of great interest, due 
to the unusualness and isolated nature of this elemental signature. The fact that phosphorus is not 
elevated at this location, but has a high concentration about 22 m away, is another point of 
interest that should be further examined with excavation. Another unique feature found in the 
Northern Corridor at 150 cm below surface is the large areas of high calcium and barium 
concentrations found in the eastern half of the space, focused on samples AP 46-2 and AP 52-2, 
away from the peak at AP 53-2. This could be related to either a larger structure, or general use 
of the space, or construction phase.  
 Lastly, the areas alongside the bases of the megalithic structures and the Cerro Grande 
Pyramid should be investigated. Repeatedly, there were elevated levels of strontium and barium 
alongside the base of these structures, suggesting that activities were occurring alongside these 
monuments. Or, if perhaps no activity was occurring, the elevated levels of these elements is 
indicative of the construction materials used. Both strontium and barium have been found to be 
elevated in structures and constructions. If materials not naturally found in this location were 
moved here in order to build, renovate, or expand the monumental structures, then this could 
cause these chemical signatures seen in strontium and barium. Both of these hypotheses can be 
investigated with excavation in this area of the Cerro Grande Complex, though the more 
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probable one at this point in time is that barium and strontium are tied to construction materials 
used in building the monumental structures. 
 The theory of power structures being integrated with physically elevated and restricted 
areas suggests that power dynamics and inequality were in play at Tlalancaleca, and may be one 
of the factors that helped drive Tlalancaleca toward its evident urbanism. Future fieldwork at the 
areas of unique chemical signatures at the Cerro Grande Complex must be completed to gather 
further evidence of these power dynamics. This can be done either with excavations or further 
geochemical prospection using a tighter grid. Such an alteration of the grid used in the sample 
design could help determine if large areas of signatures are in fact wide spread activities, such as 
construction or feasting, or if they are multiple smaller signatures which our initial sample design 
was able to detect. The collection of samples in a narrower grid will help further distinguish 
features, and can potentially show areas of specific rituals and site organization.  
 Ultimately we can conclude that power dynamics were in play, particularly in the areas 
where we can see segregated spaces for ceremonial activities. Two prime examples of culture 
being spatialized are in the signatures found at the East Terrace at 250 cm below surface and the 
Small Plaza at 200 cm below surface. Here we see the active manipulation of space, where social 
practices were physically embedded into the soil. Due to the monumental and restricted nature of 
the East Terrace in tandem with the signature of elevated phosphorus across the space and low 
phosphorus in the plazas below, we can speculate that the human activities were likely 
ceremonial. This signature is very possibly the organic remains of groups of elite feasting in this 
elevated and visible place above the more generally accessible plazas. A very similar pattern is 
repeated at 200 cm below surface in the Small Plaza, with lower concentrations in the 
passageway adjacent to it in the Northern Corridor. These are demonstrations of power, with the 
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physical separation of activities between areas of high power and areas of low power. These 
were dynamic power structures, evident in the changing signatures of phosphorus and other 
anthropogenic elements between each layer, each representing a different time period at 
Tlalancaleca. In the East Terrace specifically we can see a change from widespread to spot 
specific activities, evidence of a shift away from large scale food consumption. By examining the 
chemical signatures in both their horizontal and vertical contexts, we can see social stratification 
at work within the cultural system at Tlalancaleca.  
 While this study was unable to determine any specific areas of residence that could be 
attributed to the elite who held power within the social structure, we can see that they were 
present at this site, further evidence of the urban nature of Tlalancaleca. This all has been shown 
through other mediums as well, such as ceramics and the monumental architecture, but the 
geochemical prospection has shown the dynamics represented in the physical landscape through 
the actions people took in the past. This study demonstrated the power of geochemistry to detect 
human action on a physical landscape and how it can reveal how people lived and existed in the 
space they create. 
 
Comparison of Methods for the Analysis of Human Activity Areas 
 There are what seem to be an infinite number of ways in which archaeologists have used 
different chemical methods to reveal different anthropogenic soil properties in the search for 
areas of human occupation and activity on archaeological landscapes. However, there have not 
been many case studies of comparing different methodologies. This research performed a 
comparison which reports definite and critical results. I compared the ability of ICP-OES, 
Mehlich colorimetric test, and pXRF to study soil phosphorus, the most important chemical 
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residue in determining human activity areas at this time. What I found is that neither the Mehlich 
colorimetric method nor the pXRF data statistically matched the data found from the ICP-OES 
analysis. The Mehlich colorimetric method is by far the most widely used and is certified by the 
USDA, but the ICP-OES method uses a stronger acid, and thus removes the majority of 
anthropogenic phosphorus. While both may reveal actual activity areas, the Mehlich colorimetry 
test shows a snapshot of only the easiest phosphorus to extract while the ICP-OES tells the whole 
story of that area over time, more research needs to go into the differences of these tests. For 
example, an experimental study could compare the measured phosphorus of known features with 
both these methods and examine the differences between the results in tandem with what is 
known to be the history of the site. This could help determine which aspects of soil phosphorus 
each method is reading.  For now, the tests from the ICP-OES are considered the most accurate. 
However, while pXRF was not only unable to give a concentration of phosphorus in ppm due to 
a lack of proper calibration software for this kind of study, it was a significantly different dataset 
than both ICP-OES and the Mehlich colorimetric method. This indicates that pXRF can be used 
to study phosphorus in scenarios where there is less variation in the natural concentrations and 
there are highly concentrated levels of anthropogenic phosphorus.  
 Looking at all the other elements analyzed, we can only compare between the ICP-OES 
and pXRF methods. While the ICP-OES can detect a much larger range of elements than the 
pXRF, both instruments were used to measure strontium, calcium, and barium, elements 
frequently used in archaeological studies of human activities (Abrahams et al. 2010; Gauss et al. 
2013; Oonk et al. 2009; Wilson et al. 2005; Wilson et al. 2008). The results indicated that there is 
no correlation between the data from the pXRF and the ICP-OES. In every case, the difference 
between the data from each method was significantly different, suggesting that the variation in 
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concentrations of the natural levels of these elements overwhelms the variation caused by the 
anthropogenic forms of these elements. Due to the large size of the sample design used in this 
study, there was too much natural variation for pXRF to work. Further research in areas with 
restricted soil contexts with no natural variation is needed to further determine if pXRF can be 
used in activity area analysis. 
 
Future Research at Tlalancaleca  
 This study was very successful in its goals of identifying which methods are viable for 
examining soil chemistry. However, there are some questions that could be addressed in future 
research. ICP-OES has been used in previous studies as a method of measuring anthropogenic 
soil phosphorus and is the more aggressive of the two acid-extraction methods used in this 
research, but this study found ICP-OES measurements to contradict those of the more commonly 
used Mehlich colorimetric method. This is due to the different acid solution used in the two 
analyses, with weak acids only extracting plant available phosphorus, while the stronger acid 
used in ICP-OES analysis removes all anthropogenic phosphorus.  
 The pXRF study of soil chemistry has proven incredibly important, even though it did not 
give the expected results. I learned through the Bruker company after the analysis had been 
completed that pXRF instrumentation is not able to detect phosphorus below 300 ppm (Lee 
Drake, personal communication 2014), which is not always found at archaeological sites. This 
essentially rules out the use of pXRF as a method for measuring soil phosphorus until more 
sensitive instrumentation is developed. In the case of heavier elements that can be read with 
more sensitivity, there is still no correlation between the pXRF and ICP-OES method. This 
indicates that the pXRF method used in this research is not a good fit for studies interested in 
human activities areas in general. Perhaps the method can be altered to better suit activity area 
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analyses, adjusting for different variables such as solid or liquid samples, ground or unground 
samples, and the sampling design. Additionally, soil standards were not used in this method due 
to the fact none were available at the time of analysis. This would help in the identification of 
where some of the error in this method is coming from, and should be obtained for future studies 
on anthropogenic soils. Finally, if this is to become an actively used method in the study of 
human activity area analysis, calibration software needs to be created specifically for this 
purpose. However, I would still suggest that pXRF needs further advances in the detection limits 
of the instrument before becoming viable for large scale studies, such as the one performed at 
Tlalancaleca.  
 Finally, I would advise future work at Tlalancaleca through the PATP to focus on the 
areas of potential gathering spaces and ceremonial areas described previously in this chapter. 
Due to the sample design, only a few social implications can be drawn. Despite the wide grid, the 
confined nature of the Northern Corridor and East Terraces demonstrate that there were distinct 
activities occurring here. When these spaces are compared to the total size of Tlalancaleca, we 
can truly appreciate how restricted they are, particularly in comparison to the plazas. These 
restricted areas suggest that there were power dynamics at work in these spaces, with few people 
being able to participate in these areas, while the plazas appear to be utilized for more general 
use and public activities. This restriction combined with the known elevated social status of such 
areas and the chemical signatures, we can determine that there were likely ceremonial activities 
occurring in these sacred spaces. 
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Appendix A 
Inductively Coupled Plasma-Optical Emission Spectrometry Analysis Surfer Maps 
and Variograms by Element 
 
Phosphorus 
 
 
Figure A1. Eastern Plaza and Terrace Area at 100 cm below surface, ICP-OES ppm P. 
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Figure A2. Variogram of data from the Eastern Plaza and Terrace Area at 100 cm below surface, 
ICP-OES ppm P. 
 
0 5 10 15 20 25 30 35 40 45
Lag Distance
0
100
200
300
400
500
600
700
800
900
1000
1100
V
a
ri
o
g
ra
m
Direction: 0.0   Tolerance: 90.0
Column E:  ppm in soil
136 
 
 
Figure A3. Eastern Plaza and Terrace Area at 150 cm below surface, ICP-OES ppm P. 
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Figure A4. Variogram of data from the Eastern Plaza and Terrace Area at 150 cm below surface, 
ICP-OES ppm P. 
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Figure A5. Eastern Plaza and Terrace Area at 200 cm below surface, ICP-OES ppm P. 
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Figure A6. Variogram of data from the Eastern Plaza and Terrace Area at 200 cm below surface, 
ICP-OES ppm P. 
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Figure A7. Eastern Plaza and Terrace Area at 250 cm below surface, ICP-OES ppm P. 
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Figure A8. Variogram of data from the Eastern Plaza and Terrace Area at 250 cm below surface, 
ICP-OES ppm P. 
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Figure A9. Eastern Plaza and Terrace Area at 300 cm below surface, ICP-OES ppm P. 
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Figure A10. Variogram of data from the Eastern Plaza and Terrace Area at 300 cm below 
surface, ICP-OES ppm P. 
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Figure A11. Eastern Plaza and Terrace Area at 350 cm below surface, ICP-OES ppm P. 
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Figure A12. Variogram of data from the Eastern Plaza and Terrace Area at 350 cm below 
surface, ICP-OES ppm P. 
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Figure A13. Eastern Plaza and Terrace Area at 400 cm below surface, ICP-OES ppm P. 
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Figure A14. Variogram of data from the Eastern Plaza and Terrace Area at 400 cm below 
surface, ICP-OES ppm P. 
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Figure A15. Eastern Plaza and Terrace Area at 450 cm below surface, ICP-OES ppm P. 
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Figure A16. Variogram of data from the Eastern Plaza and Terrace Area at 450 cm below 
surface, ICP-OES ppm P. 
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Figure A17. Eastern Plaza and Terrace Area at 500 cm below surface, ICP-OES ppm P. 
 
 
 
548665 548670 548675 548680 548685 548690 548695 548700
2135765
2135770
2135775
2135780
2135785
2135790
2135795
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
73-9
97-9
90-9
60-9 86-9
92-10
151 
 
 
Figure A18. Variogram of data from the Eastern Plaza and Terrace Area at 500 cm below 
surface, ICP-OES ppm P. 
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Figure A19. Eastern Plaza and Terrace Area at 550 cm below surface, ICP-OES ppm P. 
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Figure A20. Variogram of data from the Eastern Plaza and Terrace Area at 550 cm below 
surface, ICP-OES ppm P. 
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Figure A21. Eastern Plaza and Terrace Area at 600 cm below surface, ICP-OES ppm P. 
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Figure A22. Variogram of data from the Eastern Plaza and Terrace Area at 600 cm below 
surface, ICP-OES ppm P. 
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Figure A23. Eastern Plaza and Terrace Area at 650 cm below surface, ICP-OES ppm P. 
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Figure A24. Variogram of data from the Eastern Plaza and Terrace Area at 650 cm below 
surface, ICP-OES ppm P. 
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Figure A25. Eastern Plaza and Terrace Area at 700 cm below surface, ICP-OES ppm P. 
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Figure A26. Variogram of data from the Eastern Plaza and Terrace Area at 700 cm below 
surface, ICP-OES ppm P. 
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A27. Eastern Plaza and Terrace Area at 750 cm below surface, ICP-OES ppm P. 
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Figure A28. Variogram of data from the Eastern Plaza and Terrace Area at 750 cm below 
surface, ICP-OES ppm P. 
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Figure A29. Northern Corridor at 100 cm below surface, ICP-OES ppm P. 
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Figure A30. Variogram of data from the Northern Corridor at 100 cm below surface, ICP-OES 
ppm P. 
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Figure A31. Northern Corridor at 150 cm below surface, ICP-OES ppm P. 
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Figure A32. Variogram of data from the Northern Corridor at 150 cm below surface, ICP-OES 
ppm P. 
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Figure A33. Northern Corridor at 200 cm below surface, ICP-OES ppm P. 
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Figure A34. Variogram of data from the Northern Corridor at 200 cm below surface, ICP-OES 
ppm P. 
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Figure A35. Northern Corridor at 250 cm below surface, ICP-OES ppm P. 
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Figure A36. Variogram of data from the Northern Corridor at 250 cm below surface, ICP-OES 
ppm P. 
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Figure A37. Eastern Plaza and Terrace Area at 100 cm below surface, ICP-OES ppm Sr. 
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Figure A38. Variogram of data from the Eastern Plaza and Terrace Area at 100 cm below 
surface, ICP-OES ppm Sr. 
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Figure A39. Eastern Plaza and Terrace Area at 150 cm below surface, ICP-OES ppm Sr. 
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Figure A40. Variogram of data from the Eastern Plaza and Terrace Area at 150 cm below 
surface, ICP-OES ppm Sr. 
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Figure A41. Eastern Plaza and Terrace Area at 200 cm below surface, ICP-OES ppm Sr. 
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Figure A42. Variogram of data from the Eastern Plaza and Terrace Area at 200 cm below 
surface, ICP-OES ppm Sr. 
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Figure A43. Eastern Plaza and Terrace Area at 250 cm below surface, ICP-OES ppm Sr. 
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Figure A44. Variogram of data from the Eastern Plaza and Terrace Area at 250 cm below 
surface, ICP-OES ppm Sr. 
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Figure A45. Eastern Plaza and Terrace Area at 300 cm below surface, ICP-OES ppm Sr. 
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Figure A46. Variogram of data from the Eastern Plaza and Terrace Area at 300 cm below 
surface, ICP-OES ppm Sr. 
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Figure A47. Eastern Plaza and Terrace Area at 350 cm below surface, ICP-OES ppm Sr. 
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Figure A48. Variogram of data from the Eastern Plaza and Terrace Area at 350 cm below 
surface, ICP-OES ppm Sr. 
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Figure A49. Eastern Plaza and Terrace Area at 400 cm below surface, ICP-OES ppm Sr. 
 
 
548670 548680 548690 548700
2135730
2135740
2135750
2135760
2135770
2135780
2135790
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
86-7
73-7
71-7
90-7
60-7
92-8
82-7
97-7
183 
 
 
Figure A50.Variogram of data from the Eastern Plaza and Terrace Area at 400 cm below surface, 
ICP-OES ppm Sr. 
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Figure A51. Eastern Plaza and Terrace Area at 450 cm below surface, ICP-OES ppm Sr. 
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Figure A52. Variogram of data from the Eastern Plaza and Terrace Area at 450 cm below 
surface, ICP-OES ppm Sr. 
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Figure A53. Eastern Plaza and Terrace Area at 500 cm below surface, ICP-OES ppm Sr. 
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Figure A54. Variogram of data from the Eastern Plaza and Terrace Area at 500 cm below 
surface, ICP-OES ppm Sr. 
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Figure A55. Eastern Plaza and Terrace Area at 550 cm below surface, ICP-OES ppm Sr. 
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Figure A56. Variogram of data from the Eastern Plaza and Terrace Area at 550 cm below 
surface, ICP-OES ppm Sr. 
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Figure A57. Eastern Plaza and Terrace Area at 600 cm below surface, ICP-OES ppm Sr. 
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Figure A58. Variogram of data from the Eastern Plaza and Terrace Area at 600 cm below 
surface, ICP-OES ppm Sr. 
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Figure A59. Eastern Plaza and Terrace Area at 650 cm below surface, ICP-OES ppm Sr. 
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Figure A60. Variogram of data from the Eastern Plaza and Terrace Area at 650 cm below 
surface, ICP-OES ppm Sr. 
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Figure A61. Eastern Plaza and Terrace Area at 700 cm below surface, ICP-OES ppm Sr. 
 
 
548685 548690 548695 548700
2135765
2135770
2135775
2135780
2135785
2135790
2135795
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
86-13
90-13
73-13
97-13
92-14
195 
 
 
Figure A62. Variogram of data from the Eastern Plaza and Terrace Area at 700 cm below 
surface, ICP-OES ppm Sr. 
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Figure A63. Eastern Plaza and Terrace Area at 750 cm below surface, ICP-OES ppm Sr. 
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Figure A64. Variogram of data from the Eastern Plaza and Terrace Area at 750 cm below 
surface, ICP-OES ppm Sr. 
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Figure A65. Northern Corridor at 100 cm below surface, ICP-OES ppm Sr. 
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Figure A66. Variogram of data from the Northern Corridor at 100 cm below surface, ICP-OES 
ppm Sr. 
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Figure A67. Northern Corridor at 150 cm below surface, ICP-OES ppm Sr. 
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Figure A68. Variogram of data from the Northern Corridor at 150 cm below surface, ICP-OES 
ppm Sr. 
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Figure A69. Northern Corridor at 200 cm below surface, ICP-OES ppm Sr. 
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Figure A70. Variogram of data from the Northern Corridor at 200 cm below surface, ICP-OES 
ppm Sr. 
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Figure A71. Northern Corridor at 250 cm below surface, ICP-OES ppm Sr. 
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Figure A72. Variogram of data from the Northern Corridor at 250 cm below surface, ICP-OES 
ppm Sr. 
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Figure A73. Eastern Plaza and Terrace Area at 100 cm below surface, ICP-OES ppm Ca. 
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Figure A74. Variogram of data from the Eastern Plaza and Terrace Area at 100 cm below 
surface, ICP-OES ppm Ca. 
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Figure A75. Eastern Plaza and Terrace Area at 150 cm below surface, ICP-OES ppm Ca. 
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Figure A76. Variogram of data from the Eastern Plaza and Terrace Area at 150 cm below 
surface, ICP-OES ppm Ca. 
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Figure A77. Eastern Plaza and Terrace Area at 200 cm below surface, ICP-OES ppm Ca. 
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Figure A78. Variogram of data from the Eastern Plaza and Terrace Area at 200 cm below 
surface, ICP-OES ppm Ca. 
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Figure A79. Eastern Plaza and Terrace Area at 250 cm below surface, ICP-OES ppm Ca. 
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Figure A80. Variogram of data from the Eastern Plaza and Terrace Area at 250 cm below 
surface, ICP-OES ppm Ca. 
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Figure A81. Eastern Plaza and Terrace Area at 300 cm below surface, ICP-OES ppm Ca. 
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Figure A82. Variogram of data from the Eastern Plaza and Terrace Area at 300 cm below 
surface, ICP-OES ppm Ca. 
 
 
0 5 10 15 20 25
Lag Distance
0
10000
20000
30000
40000
50000
60000
70000
80000
90000
100000
V
a
ri
o
g
ra
m
Direction: 0.0   Tolerance: 90.0
Column E:  ppm in soil
216 
 
 
Figure A83. Eastern Plaza and Terrace Area at 350 cm below surface, ICP-OES ppm Ca. 
 
 
 
548660 548670 548680 548690 548700
2135730
2135740
2135750
2135760
2135770
2135780
2135790
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
97-6
71-6
70-6
73-6
86-6
90-6
84-6
92-6
60-6
82-6
217 
 
 
Figure A84. Variogram of data from the Eastern Plaza and Terrace Area at 350 cm below 
surface, ICP-OES ppm Ca. 
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Figure A85. Eastern Plaza and Terrace Area at 400 cm below surface, ICP-OES ppm Ca. 
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Figure A86. Variogram of data from the Eastern Plaza and Terrace Area at 400 cm below 
surface, ICP-OES ppm Ca. 
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Figure A87. Eastern Plaza and Terrace Area at 450 cm below surface, ICP-OES ppm Ca. 
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Figure A88. Variogram of data from the Eastern Plaza and Terrace Area at 450 cm below 
surface, ICP-OES ppm Ca. 
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Figure A89. Eastern Plaza and Terrace Area at 500 cm below surface, ICP-OES ppm Ca. 
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Figure A90. Variogram of data from the Eastern Plaza and Terrace Area at 500 cm below 
surface, ICP-OES ppm Ca. 
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Figure A91. Eastern Plaza and Terrace Area at 550 cm below surface, ICP-OES ppm Ca. 
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Figure A92. Variogram of data from the Eastern Plaza and Terrace Area at 550 cm below 
surface, ICP-OES ppm Ca. 
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Figure A93. Eastern Plaza and Terrace Area at 600 cm below surface, ICP-OES ppm Ca. 
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Figure A94. Variogram of data from the Eastern Plaza and Terrace Area at 600 cm below 
surface, ICP-OES ppm Ca. 
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Figure A95. Eastern Plaza and Terrace Area at 650 cm below surface, ICP-OES ppm Ca. 
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Figure A96. Variogram of data from the Eastern Plaza and Terrace Area at 650 cm below 
surface, ICP-OES ppm Ca. 
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Figure A97. Eastern Plaza and Terrace Area at 700 cm below surface, ICP-OES ppm Ca. 
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Figure A98. Variogram of data from the Eastern Plaza and Terrace Area at 700 cm below 
surface, ICP-OES ppm Ca. 
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Figure A99. Eastern Plaza and Terrace Area at 750 cm below surface, ICP-OES ppm Ca. 
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Figure A100. Variogram of data from the Eastern Plaza and Terrace Area at 750 cm below 
surface, ICP-OES ppm Ca. 
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Figure A101. Northern Corridor at 100 cm below surface, ICP-OES ppm Ca. 
 
 
 
 
 
 
 
 
 
 
 
 
548550 548560 548570 548580 548590 548600 548610 548620 548630 548640 548650
2135780
2135790
2135800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
49-1 51-1
55-144-1 46-1
50-1 52-1
59-1
48-1 56-1
45-1 57-1
53-1
235 
 
 
Figure A102. Variogram of data from the Northern Corridor at 100 cm below surface, ICP-OES 
ppm Ca. 
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Figure A103. Northern Corridor at 150 cm below surface, ICP-OES ppm Ca. 
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Figure A104. Variogram of data from the Northern Corridor at 150 cm below surface, ICP-OES 
ppm Ca. 
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Figure A105. Northern Corridor at 200 cm below surface, ICP-OES ppm Ca. 
 
 
 
 
 
 
 
 
 
 
 
 
548560 548570 548580 548590 548600 548610 548620 548630 548640 548650
2135780
2135790
2135800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
48-3 50-3
55-3
52-3 56-351-3
446-3 59-3
239 
 
 
Figure A106. Variogram of data from the Northern Corridor at 200 cm below surface, ICP-OES 
ppm Ca. 
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Figure A107. Northern Corridor at 250 cm below surface, ICP-OES ppm Ca. 
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Figure A108. Variogram of data from the Northern Corridor at 250 cm below surface, ICP-OES 
ppm Ca. 
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Figure A109. Eastern Plaza and Terrace Area at 100 cm below surface, ICP-OES ppm Ba. 
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Figure A110. Variogram of data from the Eastern Plaza and Terrace Area at 100 cm below 
surface, ICP-OES ppm Ba. 
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Figure A111. Eastern Plaza and Terrace Area at 150 cm below surface, ICP-OES ppm Ba. 
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Figure A112. Variogram of data from the Eastern Plaza and Terrace Area at 150 cm below 
surface, ICP-OES ppm Ba. 
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Figure A113. Eastern Plaza and Terrace Area at 200 cm below surface, ICP-OES ppm Ba. 
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Figure A114. Variogram of data from the Eastern Plaza and Terrace Area at 200 cm below 
surface, ICP-OES ppm Ba. 
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Figure A115. Eastern Plaza and Terrace Area at 250 cm below surface, ICP-OES ppm Ba. 
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Figure A116. Variogram of data from the Eastern Plaza and Terrace Area at 250 cm below 
surface, ICP-OES ppm Ba. 
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Figure A117. Eastern Plaza and Terrace Area at 300 cm below surface, ICP-OES ppm Ba. 
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Figure A118. Variogram of data from the Eastern Plaza and Terrace Area at 300 cm below 
surface, ICP-OES ppm Ba. 
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Figure A119. Eastern Plaza and Terrace Area at 350 cm below surface, ICP-OES ppm Ba. 
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Figure A120. Variogram of data from the Eastern Plaza and Terrace Area at 350 cm below 
surface, ICP-OES ppm Ba. 
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Figure A121. Eastern Plaza and Terrace Area at 400 cm below surface, ICP-OES ppm Ba. 
 
 
548670 548680 548690 548700
2135730
2135740
2135750
2135760
2135770
2135780
2135790
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
86-7
73-7
71-7
90-7
60-7
92-8
82-7
97-7
255 
 
 
Figure A122. Variogram of data from the Eastern Plaza and Terrace Area at 400 cm below 
surface, ICP-OES ppm Ba. 
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Figure A123. Eastern Plaza and Terrace Area at 450 cm below surface, ICP-OES ppm Ba. 
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Figure A124. Variogram of data from the Eastern Plaza and Terrace Area at 450 cm below 
surface, ICP-OES ppm Ba. 
 
 
0 2 4 6 8 10 12 14 16 18
Lag Distance
0
2
4
6
8
10
12
14
V
a
ri
o
g
ra
m
Direction: 0.0   Tolerance: 90.0
Column E:  ppm in soil
258 
 
 
Figure A125. Eastern Plaza and Terrace Area at 500 cm below surface, ICP-OES ppm Ba. 
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Figure A126. Variogram of data from the Eastern Plaza and Terrace Area at 500 cm below 
surface, ICP-OES ppm Ba. 
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Figure A127. Eastern Plaza and Terrace Area at 550 cm below surface, ICP-OES ppm Ba. 
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Figure A128. Variogram of data from the Eastern Plaza and Terrace Area at 550 cm below 
surface, ICP-OES ppm Ba. 
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Figure A129. Eastern Plaza and Terrace Area at 600 cm below surface, ICP-OES ppm Ba. 
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Figure A130. Variogram of data from the Eastern Plaza and Terrace Area at 600 cm below 
surface, ICP-OES ppm Ba. 
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Figure A131. Eastern Plaza and Terrace Area at 650 cm below surface, ICP-OES ppm Ba. 
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Figure A132. Variogram of data from the Eastern Plaza and Terrace Area at 650 cm below 
surface, ICP-OES ppm Ba. 
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Figure A133. Eastern Plaza and Terrace Area at 700 cm below surface, ICP-OES ppm Ba. 
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Figure A134. Variogram of data from the Eastern Plaza and Terrace Area at 700 cm below 
surface, ICP-OES ppm Ba. 
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Figure A135. Eastern Plaza and Terrace Area at 750 cm below surface, ICP-OES ppm Ba. 
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Figure A136. Variogram of data from the Eastern Plaza and Terrace Area at 750 cm below 
surface, ICP-OES ppm Ba. 
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Figure A137. Northern Corridor at 100 cm below surface, ICP-OES ppm Ba. 
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Figure A138. Variogram of data from the Northern Corridor at 100 cm below surface, ICP-OES 
ppm Ba. 
 
 
 
 
 
 
 
 
 
 
0 5 10 15 20 25 30 35
Lag Distance
0
50
100
150
200
250
300
350
V
a
ri
o
g
ra
m
Direction: 0.0   Tolerance: 90.0
Column E:  ppm in soil
272 
 
 
Figure A139. Northern Corridor at 150 cm below surface, ICP-OES ppm Ba. 
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Figure A140. Variogram of data from the Northern Corridor at 150 cm below surface, ICP-OES 
ppm Ba. 
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Figure A141. Northern Corridor at 200 cm below surface, ICP-OES ppm Ba. 
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Figure A142. Variogram of data from the Northern Corridor at 200 cm below surface, ICP-OES 
ppm Ba. 
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Figure A143.  Northern Corridor at 250 cm below surface, ICP-OES ppm Ba. 
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Figure A144. Variogram of data from the Northern Corridor at 250 cm below surface, ICP-OES 
ppm Ba. 
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Appendix B 
Mehlich Colorimetry Phosphorus Analysis Surfer Maps and Variograms 
 
 
 
Figure B1. Eastern Plaza and Terrace Area at 100 cm below surface, Mehlich ppm P. 
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Figure B2. Variogram of data from the Eastern Plaza and Terrace Area at 100 cm below surface, 
Mehlich ppm P. 
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Figure B3. Eastern Plaza and Terrace Area at 150 cm below surface, Mehlich ppm P. 
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Figure B4. Variogram of data from the Eastern Plaza and Terrace Area at 150 cm below surface, 
Mehlich ppm P. 
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Figure B5. Eastern Plaza and Terrace Area at 200 cm below surface, Mehlich ppm P. 
 
548660 548670 548680 548690 548700
2135740
2135750
2135760
2135770
2135780
2135790
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
AP 95-3 AP 84-3
AP 73-3
AP 92-3
AP 97-3AP 60-3
AP 90-3AP 56-3
AP 71-3
AP 86-3
AP 59-3
AP 70-3
283 
 
 
Figure B6. Variogram of data from the Eastern Plaza and Terrace Area at 200 cm below surface, 
Mehlich ppm P. 
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Figure B7. Eastern Plaza and Terrace Area at 250 cm below surface, Mehlich ppm P. 
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Figure B8. Variogram of data from the Eastern Plaza and Terrace Area at 250 cm below surface, 
Mehlich ppm P. 
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Figure B9. Eastern Plaza and Terrace Area at 300 cm below surface, Mehlich ppm P. 
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Figure B10. Variogram of data from the Eastern Plaza and Terrace Area at 300 cm below 
surface, Mehlich ppm P. 
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Figure B11. Eastern Plaza and Terrace Area at 350 cm below surface, Mehlich ppm P. 
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Figure B12. Variogram of data from the Eastern Plaza and Terrace Area at 350 cm below 
surface, Mehlich ppm P. 
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Figure B13. Eastern Plaza and Terrace Area at 400 cm below surface, Mehlich ppm P. 
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Figure B14. Variogram of data from the Eastern Plaza and Terrace Area at 400 cm below 
surface, Mehlich ppm P. 
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Figure B15. Eastern Plaza and Terrace Area at 450 cm below surface, Mehlich ppm P. 
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Figure B16. Variogram of data from the Eastern Plaza and Terrace Area at 450 cm below 
surface, Mehlich ppm P. 
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Figure B17. Eastern Plaza and Terrace Area at 500 cm below surface, Mehlich ppm P. 
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Figure B18. Variogram of data from the Eastern Plaza and Terrace Area at 500 cm below 
surface, Mehlich ppm P. 
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Figure B19. Eastern Plaza and Terrace Area at 550 cm below surface, Mehlich ppm P. 
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Figure B20. Variogram of data from the Eastern Plaza and Terrace Area at 550 cm below 
surface, Mehlich ppm P. 
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Figure B21. Eastern Plaza and Terrace Area at 600 cm below surface, Mehlich ppm P. 
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Figure B22. Variogram of data from the Eastern Plaza and Terrace Area at 600 cm below 
surface, Mehlich ppm P. 
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Figure B23. Eastern Plaza and Terrace Area at 650 cm below surface, Mehlich ppm P. 
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Figure B24. Variogram of data from the Eastern Plaza and Terrace Area at 650 cm below 
surface, Mehlich ppm P. 
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Figure B25. Eastern Plaza and Terrace Area at 700 cm below surface, Mehlich ppm P. 
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Figure B26. Variogram of data from the Eastern Plaza and Terrace Area at 700 cm below 
surface, Mehlich ppm P. 
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Figure B27. Eastern Plaza and Terrace Area at 750 cm below surface, Mehlich ppm P. 
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Figure B28. Variogram of data from the Eastern Plaza and Terrace Area at 750 cm below 
surface, Mehlich ppm P. 
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Figure B29. Northern Corridor at 100 cm below surface, Mehlich ppm P. 
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Figure B30. Variogram of data from the Northern Corridor at 100 cm below surface, Mehlich 
ppm P. 
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Figure B31. Northern Corridor at 150 cm below surface, Mehlich ppm P. 
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Figure B32. Variogram of data from the Northern Corridor at 150 cm below surface, Mehlich 
ppm P. 
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Figure B33. Northern Corridor at 200 cm below surface, Mehlich ppm P. 
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Figure B34. Variogram of data from the Northern Corridor at 200 cm below surface, Mehlich 
ppm P. 
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Figure B35. Northern Corridor at 250 cm below surface, Mehlich ppm P. 
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Figure B36. Variogram of data from the Northern Corridor at 250 cm below surface, Mehlich 
ppm P. 
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Figure B37. Western Plaza and Residential Terrace at 100 cm below surface, Mehlich ppm P. 
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Figure B38. Variogram of data from the Western Plaza and Residential Terrace at 100 cm below 
surface, Mehlich ppm P. 
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Figure B39. Western Plaza and Residential Terrace at 150 cm below surface, Mehlich ppm P. 
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Figure B40. Variogram of data from the Western Plaza and Residential Terrace at 150 cm below 
surface, Mehlich ppm P. 
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Figure B41. Western Plaza and Residential Terrace at 200 cm below surface, Mehlich ppm P. 
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Figure B42. Variogram of data from the Western Plaza and Residential Terrace at 200 cm below 
surface, Mehlich ppm P. 
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Figure B43. Western Plaza and Residential Terrace at 250 cm below surface, Mehlich ppm P. 
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Figure B44. Variogram of data from the Western Plaza and Residential Terrace at 250 cm below 
surface, Mehlich ppm P. 
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Appendix C 
Portable X-ray Fluorescence Analysis Surfer Maps and Variograms by Element 
 
 
Phosphorus 
 
 
Figure C1. Eastern Plaza and Terrace Area at 100 cm below surface, PXRF area under curve P. 
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Figure C2. Variogram of data from the Eastern Plaza and Terrace Area at 100 cm below surface, 
PXRF area under curve P. 
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Figure C3. Eastern Plaza and Terrace Area at 150 cm below surface, PXRF area under curve P. 
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Figure C4. Variogram of data from the Eastern Plaza and Terrace Area at 150 cm below surface, 
PXRF area under curve P. 
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Figure C5. Eastern Plaza and Terrace Area at 200 cm below surface, PXRF area under curve P. 
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Figure C6. Variogram of data from the Eastern Plaza and Terrace Area at 200 cm below surface, 
PXRF area under curve P. 
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Figure C7. Eastern Plaza and Terrace Area at 250 cm below surface, PXRF area under curve P. 
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Figure C8. Variogram of data from the Eastern Plaza and Terrace Area at 250 cm below surface, 
PXRF area under curve P. 
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Figure C9. Eastern Plaza and Terrace Area at 300 cm below surface, PXRF area under curve P. 
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Figure C10. Variogram of data from the Eastern Plaza and Terrace Area at 300 cm below 
surface, PXRF area under curve P. 
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Figure C11. Eastern Plaza and Terrace Area at 350 cm below surface, PXRF area under curve P. 
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Figure C12. Variogram of data from the Eastern Plaza and Terrace Area at 350 cm below 
surface, PXRF area under curve P. 
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Figure C13. Eastern Plaza and Terrace Area at 400 cm below surface, PXRF area under curve P. 
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Figure C14. Variogram of data from the Eastern Plaza and Terrace Area at 400 cm below 
surface, PXRF area under curve P. 
 
0 2 4 6 8 10 12 14 16 18
Lag Distance
0
2000
4000
6000
8000
10000
12000
14000
V
a
ri
o
g
ra
m
Direction: 0.0   Tolerance: 90.0
Column AD:  P  area
336 
 
 
Figure C15. Eastern Plaza and Terrace Area at 450 cm below surface, PXRF area under curve P. 
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Figure C16. Variogram of data from the Eastern Plaza and Terrace Area at 450 cm below 
surface, PXRF area under curve P. 
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Figure C17. Eastern Plaza and Terrace Area at 500 cm below surface, PXRF area under curve P. 
 
 
 
548665 548670 548675 548680 548685 548690 548695 548700
2135765
2135770
2135775
2135780
2135785
2135790
2135795
0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
AP60-9
AP73-9
AP86-9
AP90-9AP92-10
AP97-9
339 
 
 
Figure C18. Variogram of data from the Eastern Plaza and Terrace Area at 500 cm below 
surface, PXRF area under curve P. 
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Figure C19. Eastern Plaza and Terrace Area at 550 cm below surface, PXRF area under curve P. 
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Figure C20. Variogram of data from the Eastern Plaza and Terrace Area at 550 cm below 
surface, PXRF area under curve P. 
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Figure C21. Eastern Plaza and Terrace Area at 600 cm below surface, PXRF area under curve P. 
 
 
 
 
 
 
 
 
 
 
 
548665 548670 548675 548680 548685 548690 548695 548700
2135765
2135770
2135775
2135780
0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
AP60-11 AP86-11
AP90-11AP92-12
AP97-11
343 
 
 
Figure C22. Variogram of data from the Eastern Plaza and Terrace Area at 600 cm below 
surface, PXRF area under curve P. 
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Figure C23. Eastern Plaza and Terrace Area at 650 cm below surface, PXRF area under curve P. 
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Figure C24. Variogram of data from the Eastern Plaza and Terrace Area at 650 cm below 
surface, PXRF area under curve P. 
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Figure C25. Eastern Plaza and Terrace Area at 700 cm below surface, PXRF area under curve P. 
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Figure C26. Variogram of data from the Eastern Plaza and Terrace Area at 700 cm below 
surface, PXRF area under curve P. 
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Figure C27. Eastern Plaza and Terrace Area at 750 cm below surface, PXRF area under curve P. 
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Figure C28. Variogram of data from the Eastern Plaza and Terrace Area at 750 cm below 
surface, PXRF area under curve P. 
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Figure C29. Northern Corridor at 100 cm below surface, PXRF area under curve P. 
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Figure C30. Variogram of data from the Northern Corridor at 100 cm below surface, PXRF area 
under curve P. 
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Figure C31. Northern Corridor at 150 cm below surface, PXRF area under curve P. 
 
 
 
 
 
 
 
548560 548570 548580 548590 548600 548610 548620 548630 548640 548650
2135780
2135790
2135800
0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
AP44-2AP45-2 AP46-2
AP48-2 AP50-2AP51-2 AP52-2
AP53-2
AP56-2
AP59-2
353 
 
 
Figure C32. Variogram of data from the Northern Corridor at 150 cm below surface, PXRF area 
under curve P. 
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Figure C33. Northern Corridor at 200 cm below surface, PXRF area under curve P. 
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Figure C34. Variogram of data from the Northern Corridor at 200 cm below surface, PXRF area 
under curve P. 
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Figure C35. Northern Corridor at 250 cm below surface, PXRF area under curve P. 
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Figure C36. Variogram of data from the Northern Corridor at 250 cm below surface, PXRF area 
under curve P. 
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Figure C37. Eastern Plaza and Terrace Area at 100 cm below surface, PXRF ppm Sr. 
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Figure C38. Variogram of data from the Eastern Plaza and Terrace Area at 100 cm below 
surface, PXRF ppm Sr. 
 
0 5 10 15 20 25
Lag Distance
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
V
a
ri
o
g
ra
m
Direction: 0.0   Tolerance: 90.0
Column O:  Sr ppm
360 
 
 
Figure C39. Eastern Plaza and Terrace Area at 150 cm below surface, PXRF ppm Sr. 
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Figure C40. Variogram of data from the Eastern Plaza and Terrace Area at 150 cm below 
surface, PXRF ppm Sr. 
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Figure C41. Eastern Plaza and Terrace Area at 200 cm below surface, PXRF ppm Sr. 
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Figure C42. Variogram of data from the Eastern Plaza and Terrace Area at 200 cm below 
surface, PXRF ppm Sr. 
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Figure C43. Eastern Plaza and Terrace Area at 250 cm below surface, PXRF ppm Sr. 
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Figure C44. Variogram of data from the Eastern Plaza and Terrace Area at 250 cm below 
surface, PXRF ppm Sr. 
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Figure C45. Eastern Plaza and Terrace Area at 300 cm below surface, PXRF ppm Sr. 
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Figure C46. Variogram of data from the Eastern Plaza and Terrace Area at 300 cm below 
surface, PXRF ppm Sr. 
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Figure C47. Eastern Plaza and Terrace Area at 350 cm below surface, PXRF ppm Sr. 
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Figure C48. Variogram of data from the Eastern Plaza and Terrace Area at 350 cm below 
surface, PXRF ppm Sr. 
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Figure C49. Eastern Plaza and Terrace Area at 400 cm below surface, PXRF ppm Sr. 
 
 
548665 548670 548675 548680 548685 548690 548695 548700
2135765
2135770
2135775
2135780
2135785
2135790
2135795
150
200
250
300
350
400
450
500
550
600
650
700
750
AP60-7
AP71-7
AP73-7
AP86-7
AP90-7AP92-8
AP97-7
371 
 
 
Figure C50. Variogram of data from the Eastern Plaza and Terrace Area at 400 cm below 
surface, PXRF ppm Sr. 
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Figure C51. Eastern Plaza and Terrace Area at 450 cm below surface, PXRF ppm Sr. 
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Figure C52. Variogram of data from the Eastern Plaza and Terrace Area at 450 cm below 
surface, PXRF ppm Sr. 
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Figure C53. Eastern Plaza and Terrace Area at 500 cm below surface, PXRF ppm Sr. 
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Figure C54. Variogram of data from the Eastern Plaza and Terrace Area at 500 cm below 
surface, PXRF ppm Sr. 
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Figure C55. Eastern Plaza and Terrace Area at 550 cm below surface, PXRF ppm Sr. 
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Figure C56. Variogram of data from the Eastern Plaza and Terrace Area at 550 cm below 
surface, PXRF ppm Sr. 
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Figure C57. Eastern Plaza and Terrace Area at 600 cm below surface, PXRF ppm Sr. 
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Figure C58. Variogram of data from the Eastern Plaza and Terrace Area at 600 cm below 
surface, PXRF ppm Sr. 
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Figure C59. Eastern Plaza and Terrace Area at 650 cm below surface, PXRF ppm Sr. 
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Figure C60. Variogram of data from the Eastern Plaza and Terrace Area at 650 cm below 
surface, PXRF ppm Sr. 
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Figure C61. Eastern Plaza and Terrace Area at 700 cm below surface, PXRF ppm Sr. 
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Figure C62. Variogram of data from the Eastern Plaza and Terrace Area at 700 cm below 
surface, PXRF ppm Sr. 
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Figure C63. Eastern Plaza and Terrace Area at 750 cm below surface, PXRF ppm Sr. 
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Figure C64. Variogram of data from the Eastern Plaza and Terrace Area at 750 cm below 
surface, PXRF ppm Sr. 
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Figure C65. Northern Corridor at 100 cm below surface, PXRF ppm Sr. 
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Figure C66. Variogram of data from the Northern Corridor at 100 cm below surface, PXRF ppm 
Sr. 
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Figure C67. Northern Corridor at 150 cm below surface, PXRF ppm Sr. 
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Figure C68. Variogram of data from the Northern Corridor at 150 cm below surface, PXRF ppm 
Sr. 
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Figure C69. Northern Corridor at 200 cm below surface, PXRF ppm Sr. 
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Figure C70. Variogram of data from the Northern Corridor at 200 cm below surface, PXRF ppm 
Sr. 
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Figure C71. Northern Corridor at 250 cm below surface, PXRF ppm Sr. 
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Figure C72. Variogram of data from the Northern Corridor at 250 cm below surface, PXRF ppm 
Sr. 
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Figure C73. Eastern Plaza and Terrace Area at 100 cm below surface, PXRF area under curve 
Ca. 
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Figure C74. Variogram of data from the Eastern Plaza and Terrace Area at 100 cm below 
surface, PXRF area under curve Ca. 
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Figure C75. Eastern Plaza and Terrace Area at 150 cm below surface, PXRF area under curve 
Ca. 
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Figure C76. Variogram of data from the Eastern Plaza and Terrace Area at 150 cm below 
surface, PXRF area under curve Ca. 
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Figure C77. Eastern Plaza and Terrace Area at 200 cm below surface, PXRF area under curve 
Ca. 
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Figure C78. Variogram of data from the Eastern Plaza and Terrace Area at 200 cm below 
surface, PXRF area under curve Ca. 
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Figure C79. Eastern Plaza and Terrace Area at 250 cm below surface, PXRF area under curve 
Ca. 
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Figure C80. Variogram of data from the Eastern Plaza and Terrace Area at 250 cm below 
surface, PXRF area under curve Ca. 
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Figure C81. Eastern Plaza and Terrace Area at 300 cm below surface, PXRF area under curve 
Ca. 
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Figure C82. Variogram of data from the Eastern Plaza and Terrace Area at 300 cm below 
surface, PXRF area under curve Ca. 
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Figure C83. Eastern Plaza and Terrace Area at 350 cm below surface, PXRF area under curve 
Ca. 
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Figure C84. Variogram of data from the Eastern Plaza and Terrace Area at 350 cm below 
surface, PXRF area under curve Ca. 
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Figure C85. Eastern Plaza and Terrace Area at 400 cm below surface, PXRF area under curve 
Ca. 
 
 
 
548665 548670 548675 548680 548685 548690 548695 548700
2135765
2135770
2135775
2135780
2135785
2135790
2135795
36000
38000
40000
42000
44000
46000
48000
50000
52000
54000
56000
58000
60000
62000
64000
66000
68000
70000
72000
74000
76000
78000
80000
82000
84000
86000
AP60-7
AP71-7
AP73-7
AP86-7
AP90-7AP92-8
AP97-7
407 
 
 
Figure C86. Variogram of data from the Eastern Plaza and Terrace Area at 400 cm below 
surface, PXRF area under curve Ca. 
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Figure C87. Eastern Plaza and Terrace Area at 450 cm below surface, PXRF area under curve 
Ca. 
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Figure C88. Variogram of data from the Eastern Plaza and Terrace Area at 450 cm below 
surface, PXRF area under curve Ca. 
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Figure C89. Eastern Plaza and Terrace Area at 500 cm below surface, PXRF area under curve 
Ca. 
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Figure C90. Variogram of data from the Eastern Plaza and Terrace Area at 500 cm below 
surface, PXRF area under curve Ca. 
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Figure C91. Eastern Plaza and Terrace Area at 550 cm below surface, PXRF area under curve 
Ca. 
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Figure C92. Variogram of data from the Eastern Plaza and Terrace Area at 550 cm below 
surface, PXRF area under curve Ca. 
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Figure C93. Eastern Plaza and Terrace Area at 600 cm below surface, PXRF area under curve 
Ca. 
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Figure C94. Variogram of data from the Eastern Plaza and Terrace Area at 600 cm below 
surface, PXRF area under curve Ca. 
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Figure C95. Eastern Plaza and Terrace Area at 650 cm below surface, PXRF area under curve 
Ca. 
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Figure C96. Variogram of data from the Eastern Plaza and Terrace Area at 650 cm below 
surface, PXRF area under curve Ca. 
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Figure C97. Eastern Plaza and Terrace Area at 700 cm below surface, PXRF area under curve 
Ca. 
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Figure C98. Variogram of data from the Eastern Plaza and Terrace Area at 700 cm below 
surface, PXRF area under curve Ca. 
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Figure C99. Eastern Plaza and Terrace Area at 750 cm below surface, PXRF area under curve 
Ca. 
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Figure C100. Variogram of data from the Eastern Plaza and Terrace Area at 750 cm below 
surface, PXRF area under curve Ca. 
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Figure C101. Northern Corridor at 100 cm below surface, PXRF area under curve Ca. 
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Figure C102. Variogram of data from the Northern Corridor at 100 cm below surface, PXRF 
area under curve Ca. 
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Figure C103. Northern Corridor at 150 cm below surface, PXRF area under curve Ca. 
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Figure C104. Variogram of data from the Northern Corridor at 150 cm below surface, PXRF 
area under curve Ca. 
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Figure C105. Northern Corridor at 200 cm below surface, PXRF area under curve Ca. 
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Figure C106. Variogram of data from the Northern Corridor at 200 cm below surface, PXRF 
area under curve Ca. 
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Figure C107. Northern Corridor at 250 cm below surface, PXRF area under curve Ca. 
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Figure C108. Variogram of data from the Northern Corridor at 250 cm below surface, PXRF 
area under curve Ca. 
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Figure C109. Eastern Plaza and Terrace Area at 100 cm below surface, PXRF ppm Ba. 
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Figure C110. Variogram of data from the Eastern Plaza and Terrace Area at 100 cm below 
surface, PXRF ppm Ba. 
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Figure C111. Eastern Plaza and Terrace Area at 150 cm below surface, PXRF ppm Ba. 
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Figure C112. Variogram of data from the Eastern Plaza and Terrace Area at 150 cm below 
surface, PXRF ppm Ba. 
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Figure C113. Eastern Plaza and Terrace Area at 200 cm below surface, PXRF ppm Ba. 
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Figure C114. Variogram of data from the Eastern Plaza and Terrace Area at 200 cm below 
surface, PXRF ppm Ba. 
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Figure C115. Eastern Plaza and Terrace Area at 250 cm below surface, PXRF ppm Ba. 
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Figure C116. Variogram of data from the Eastern Plaza and Terrace Area at 250 cm below 
surface, PXRF ppm Ba. 
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Figure C117. Eastern Plaza and Terrace Area at 300 cm below surface, PXRF ppm Ba. 
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Figure C118. Variogram of data from the Eastern Plaza and Terrace Area at 300 cm below 
surface, PXRF ppm Ba. 
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Figure C119. Eastern Plaza and Terrace Area at 350 cm below surface, PXRF ppm Ba. 
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Figure C120. Variogram of data from the Eastern Plaza and Terrace Area at 350 cm below 
surface, PXRF ppm Ba. 
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Figure C121. Eastern Plaza and Terrace Area at 400 cm below surface, PXRF ppm Ba. 
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Figure C122. Variogram of data from the Eastern Plaza and Terrace Area at 400 cm below 
surface, PXRF ppm Ba. 
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Figure C123. Eastern Plaza and Terrace Area at 450 cm below surface, PXRF ppm Ba. 
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Figure C124. Variogram of data from the Eastern Plaza and Terrace Area at 450 cm below 
surface, PXRF ppm Ba. 
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Figure C125. Eastern Plaza and Terrace Area at 500 cm below surface, PXRF ppm Ba. 
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Figure C126. Variogram of data from the Eastern Plaza and Terrace Area at 500 cm below 
surface, PXRF ppm Ba. 
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Figure C127. Eastern Plaza and Terrace Area at 550 cm below surface, PXRF ppm Ba. 
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Figure C128. Variogram of data from the Eastern Plaza and Terrace Area at 550 cm below 
surface, PXRF ppm Ba. 
 
 
 
 
 
 
 
 
 
 
 
0 2 4 6 8 10 12 14 16 18
Lag Distance
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
V
a
ri
o
g
ra
m
Direction: 0.0   Tolerance: 90.0
Column M:  Ba ppm
450 
 
 
Figure C129. Eastern Plaza and Terrace Area at 600 cm below surface, PXRF ppm Ba. 
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Figure C130. Variogram of data from the Eastern Plaza and Terrace Area at 600 cm below 
surface, PXRF ppm Ba. 
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Figure C131. Eastern Plaza and Terrace Area at 650 cm below surface, PXRF ppm Ba. 
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Figure C132. Variogram of data from the Eastern Plaza and Terrace Area at 650 cm below 
surface, PXRF ppm Ba. 
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Figure C133. Eastern Plaza and Terrace Area at 700 cm below surface, PXRF ppm Ba. 
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Figure C134. Variogram of data from the Eastern Plaza and Terrace Area at 700 cm below 
surface, PXRF ppm Ba. 
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Figure C135. Eastern Plaza and Terrace Area at 750 cm below surface, PXRF ppm Ba. 
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Figure C136. Variogram of data from the Eastern Plaza and Terrace Area at 750 cm below 
surface, PXRF ppm Ba. 
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Figure C137. Northern Corridor at 100 cm below surface, PXRF ppm Ba. 
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Figure C138. Variogram of data from the Northern Corridor at 100 cm below surface, PXRF 
ppm Ba. 
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Figure C139. Northern Corridor at 150 cm below surface, PXRF ppm Ba. 
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Figure C140. Variogram of data from the Northern Corridor at 150 cm below surface, PXRF 
ppm Ba. 
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Figure C141. Northern Corridor at 200 cm below surface, PXRF ppm Ba. 
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Figure C142. Variogram of data from the Northern Corridor at 200 cm below surface, PXRF 
ppm Ba. 
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Figure C143.  Northern Corridor at 250 cm below surface, PXRF ppm Ba. 
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Figure C144. Variogram of data from the Northern Corridor at 250 cm below surface, PXRF 
ppm Ba. 
  
0 5 10 15 20 25 30
Lag Distance
0
10000
20000
30000
40000
50000
60000
70000
V
a
ri
o
g
ra
m
Direction: 0.0   Tolerance: 90.0
Column M:  Ba ppm
466 
 
 
 
 
 
 
Appendix D 
Original Data 
 
Table D1. Original data from ICP-OES analysis 
 
Sample UTM UTM Depth  ICP-OES ICP-OES ICP-OES ICP-OES
Name East North cm ppm P ppm Sr ppm Ca ppm Ba
AP 44-1 548580.16 2135800.08 98 57.6 8.8 1558.7 33.8
AP 44-2 548580.16 2135800.08 156 107.7 8.9 2039.2 34.2
AP 45-1 548560.04 2135800.01 107 24.1 6.3 1077.2 37.3
AP 45-2 548560.04 2135800.01 159 23.9 11.1 1184.1 55.5
AP 46-1 548600.12 2135800.11 99 13.1 7.5 814.6 32.6
AP 46-2 548600.12 2135800.11 153 36.0 18.8 2287.1 75.0
AP 46-3 548600.12 2135800.11 207 18.0 11.7 1212.8 48.7
AP 46-4 548600.12 2135800.11 250 32.1 20.1 2026.3 70.2
AP 46-5 548600.12 2135800.11 274 25.8 15.7 1628.8 49.3
AP 47-1 548539.98 2135799.99 54 6.2 9.5 1251.6 36.9
AP 48-1 548578.71 2135779.93 101 42.5 14.6 1997.1 62.4
AP 48-2 548578.71 2135779.93 148 35.6 4.7 967.4 25.6
AP 48-3 548578.71 2135779.93 190 38.8 7.0 1188.0 36.1
AP 49-1 548542.35 2135780.51 88 9.8 9.0 1349.4 34.7
AP 50-1 548600.02 2135780.14 100 25.5 11.9 1091.7 39.9
AP 50-2 548600.02 2135780.14 152 31.9 14.1 1505.7 47.7
AP 50-3 548600.02 2135780.14 197 48.1 8.7 1960.8 29.5
AP 50-4 548600.02 2135780.14 255 21.3 13.6 1470.3 48.0
AP 50-5 548600.02 2135780.14 300 18.6 14.4 1529.3 54.3
AP 50-6 548600.02 2135780.14 354 11.7 12.9 1214.0 35.9
AP 50-7 548600.02 2135780.14 392 27.8 19.6 2145.3 57.4
AP 51-1 548559.97 2135780.00 95 48.9 13.1 2104.7 51.5
AP 51-2 548559.97 2135780.00 140 51.5 6.3 1423.2 18.3
AP 51-3 548559.97 2135780.00 205 134.4 8.9 1459.7 21.3
AP 51-4 548559.97 2135780.00 250 31.1 11.8 1248.0 49.9
AP 51-5 548559.97 2135780.00 300 36.7 17.1 1848.7 71.5
AP 51-6 548559.97 2135780.00 345 34.2 15.7 1506.2 64.5
AP 51-7 548559.97 2135780.00 397 30.9 16.0 1529.9 61.8
AP 51-8 548559.97 2135780.00 450 36.1 16.1 1686.9 50.3
AP 51-9 548559.97 2135780.00 495 3.0 21.7 1527.7 59.8
AP 51-10 548559.97 2135780.00 550 22.2 5.8 898.1 11.2
AP 52-1 548620.12 2135780.32 100 3.2 16.9 1267.4 64.8
AP 52-2 548620.12 2135780.32 153 4.1 19.5 1649.6 59.3
AP 52-3 548620.12 2135780.32 201 3.3 20.2 1900.0 75.4
AP 52-4 548620.12 2135780.32 229 4.4 21.9 2806.2 70.0
AP 53-1 548560.08 2135790.18 109 5.1 13.6 1505.9 60.7
AP 53-2 548560.08 2135790.18 149 18.9 20.1 2245.8 67.6
AP 54-1 548640.03 2135779.98 47 1.9 7.6 976.4 37.7
467 
 
Table D1. Original data from ICP-OES analysis (cont.) 
 
 
 
Sample UTM UTM Depth  ICP-OES ICP-OES ICP-OES ICP-OES
Name East North cm ppm P ppm Sr ppm Ca ppm Ba
AP 55-1 548620.16 2135800.07 96 3.0 14.0 1219.6 60.1
AP 55-2 548620.16 2135800.07 163 3.2 17.2 1586.8 80.8
AP 55-3 548620.16 2135800.07 199 3.0 22.6 2984.2 82.8
AP 55-4 548620.16 2135800.07 206 28.6 17.2 4043.4 39.2
AP 56-1 548659.83 2135779.96 101 51.1 7.8 1482.7 35.1
AP 56-2 548659.83 2135779.96 153 4.0 11.5 1185.6 48.6
AP 56-2 548659.83 2135779.96 153 4.0 11.5 1185.6 48.6
AP 56-3 548659.83 2135779.96 204 5.1 15.4 1530.8 57.2
AP 56-4 548659.83 2135779.96 246 48.3 13.5 1294.5 45.9
AP 56-5 548659.83 2135779.96 298 7.1 13.8 1426.8 49.1
AP 56-6 548659.83 2135779.96 337 5.5 14.1 1394.9 55.1
AP 57-1 548640.19 2135799.96 108 3.1 12.6 1157.8 54.9
AP 59-1 548659.96 2135799.95 100 44.7 8.1 1195.2 38.5
AP 59-2 548659.96 2135799.95 159 4.3 11.5 1121.1 52.6
AP 59-3 548659.96 2135799.95 207 4.8 10.3 1068.5 35.0
AP 60-1 548660.14 2135760.16 107 38.4 4.1 905.2 19.7
AP 60-2 548660.14 2135760.16 154 54.8 5.9 1084.8 29.8
AP 60-3 548660.14 2135760.16 202 61.3 7.8 1205.0 36.1
AP 60-4 548660.14 2135760.16 256 79.2 10.4 1609.7 40.5
AP 60-5 548660.14 2135760.16 304 82.6 11.4 1597.3 42.0
AP 60-6 548660.14 2135760.16 358 63.6 10.1 1252.0 30.6
AP 60-7 548660.14 2135760.16 402 95.1 14.5 2018.9 39.6
AP 60-8 548660.14 2135760.16 453 80.4 18.0 2030.2 53.1
AP 60-9 548660.14 2135760.16 505 77.7 17.5 2311.9 49.8
AP 60-10 548660.14 2135760.16 553 65.7 19.8 2262.4 47.0
AP 60-11 548660.14 2135760.16 603 39.9 14.5 1350.1 38.5
AP 60-12 548660.14 2135760.16 - 5.8 17.0 1785.5 44.1
AP 61-1 548664.17 2135820.24 97 5.9 6.6 1151.4 30.2
AP 68-1 548679.95 2135820.16 105 12.9 6.9 1331.1 27.5
AP 69-1 548700.02 2135859.97 109 2.2 6.5 1008.1 30.2
AP 70-1 548659.50 2135739.92 107 6.1 0.4 1130.9 0.2
AP 70-2 548659.50 2135739.92 153 10.7 9.7 1797.4 30.1
AP 70-3 548659.50 2135739.92 208 7.6 12.3 1895.9 47.1
AP 70-4 548659.50 2135739.92 253 8.8 12.1 2037.3 35.0
AP 70-5 548659.50 2135739.92 297 8.7 17.1 2285.1 46.8
AP 70-6 548659.50 2135739.92 349 8.1 18.9 2058.7 48.6
AP 71-1 548700.13 2135799.98 100 30.0 4.1 1012.3 18.3
AP 71-2 548700.13 2135799.98 146 33.7 6.4 1195.7 32.9
AP 71-3 548700.13 2135799.98 204 42.6 8.3 1291.6 37.9
AP 71-4 548700.13 2135799.98 243 54.5 10.5 1385.6 43.3
AP 71-5 548700.13 2135799.98 305 42.1 10.4 1187.8 42.5
AP 71-6 548700.13 2135799.98 341 42.4 10.6 1298.3 40.8
AP 71-7 548700.13 2135799.98 401 51.0 11.1 1586.0 41.3
AP 71-8 548700.13 2135799.98 454 50.3 12.0 1647.9 45.7
AP 73-1 548691.53 2135798.17 100 3.9 13.3 1570.7 62.3
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Table D1. Original data from ICP-OES analysis (cont.) 
 
 
 
Sample UTM UTM Depth  ICP-OES ICP-OES ICP-OES ICP-OES
Name East North cm ppm P ppm Sr ppm Ca ppm Ba
AP 73-2 548691.53 2135798.17 150 6.8 13.4 1705.6 61.6
AP 73-3 548691.53 2135798.17 200 48.8 7.0 1292.8 31.6
AP 73-4 548691.53 2135798.17 250 64.0 10.7 1465.0 44.8
AP 73-5 548691.53 2135798.17 295 92.8 12.1 1546.7 46.0
AP 73-6 548691.53 2135798.17 350 72.5 11.1 1664.5 44.0
AP 73-7 548691.53 2135798.17 400 62.6 11.8 1539.5 43.3
AP 73-8 548691.53 2135798.17 450 66.8 9.7 1520.5 40.2
AP 73-9 548691.53 2135798.17 498 59.7 12.2 1647.5 51.7
AP 73-10 548691.53 2135798.17 555 44.1 12.5 1289.1 26.6
AP 73-12 548691.53 2135798.17 647 45.9 17.1 1743.0 52.1
AP 73-13 548691.53 2135798.17 700 46.3 14.4 2130.5 40.6
AP 73-14 548691.53 2135798.17 740 25.6 9.6 1586.0 22.6
AP 82-1 548660.01 2135720.05 109 13.8 10.7 1866.5 45.6
AP 82-2 548660.01 2135720.05 156 4.1 10.5 1289.1 48.9
AP 82-3 548660.01 2135720.05 214 5.1 14.2 1722.0 64.4
AP 82-4 548660.01 2135720.05 257 6.6 15.0 Saturated 44.3
AP 82-5 548660.01 2135720.05 307 3.3 11.8 2897.0 35.0
AP 82-6 548660.01 2135720.05 361 3.0 13.9 2532.8 32.6
AP 82-7 548660.01 2135720.05 403 25.5 21.8 Saturated 46.6
AP 84-1 548699.96 2135740.03 99 6.7 7.0 1717.6 28.9
AP 84-2 548699.96 2135740.03 150 9.8 7.7 1462.7 33.4
AP 84-3 548699.96 2135740.03 198 41.2 8.3 2145.2 33.0
AP 84-4 548699.96 2135740.03 250 7.9 10.5 1718.4 46.9
AP 84-5 548699.96 2135740.03 290 7.4 11.9 1714.1 47.1
AP 84-6 548699.96 2135740.03 357 6.9 14.2 1772.5 49.8
AP 86-1 548700.00 2135760.10 98 4.3 5.4 1412.2 24.7
AP 86-2 548700.00 2135760.10 146 4.3 4.1 1060.1 19.5
AP 86-3 548700.00 2135760.10 206 4.0 5.7 984.0 26.3
AP 86-4 548700.00 2135760.10 253 5.2 8.6 1386.6 35.4
AP 86-5 548700.00 2135760.10 302 3.8 10.8 1242.0 42.6
AP 86-6 548700.00 2135760.10 351 6.0 9.9 1512.0 36.6
AP 86-7 548700.00 2135760.10 399 6.0 10.1 1529.4 34.5
AP 86-8 548700.00 2135760.10 451 4.9 10.6 1265.8 38.4
AP 86-9 548700.00 2135760.10 507 7.6 12.9 1963.3 48.7
AP 86-10 548700.00 2135760.10 553 6.3 15.8 1990.5 52.1
AP 86-11 548700.00 2135760.10 600 7.6 21.1 2408.6 58.9
AP 86-12 548700.00 2135760.10 661 5.5 23.4 2163.7 65.9
AP 86-13 548700.00 2135760.10 693 5.9 24.4 2429.9 64.8
AP 90-1 548700.00 2135780.00 103 39.7 6.9 1291.2 32.2
AP 90-2 548700.00 2135780.00 153 29.9 7.9 1262.0 35.6
AP 90-3 548700.00 2135780.00 203 31.1 8.6 1081.2 37.7
AP 90-4 548700.00 2135780.00 265 35.7 10.1 1045.0 39.5
AP 90-5 548700.00 2135780.00 299 51.7 9.0 1251.5 34.1
AP 90-6 548700.00 2135780.00 355 45.2 9.6 1250.2 36.6
AP 90-7 548700.00 2135780.00 401 62.6 9.6 1500.2 33.2
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Table D1. Original data from ICP-OES analysis (cont.) 
 
 
 
Sample UTM UTM Depth  ICP-OES ICP-OES ICP-OES ICP-OES
Name East North cm ppm P ppm Sr ppm Ca ppm Ba
AP 90-8 548700.00 2135780.00 445 58.7 11.5 1549.4 43.3
AP 90-9 548700.00 2135780.00 504 66.2 11.3 1706.5 45.5
AP 90-10 548700.00 2135780.00 551 50.8 11.5 1507.0 48.7
AP 90-11 548700.00 2135780.00 604 59.8 12.5 1733.9 49.8
AP 90-12 548700.00 2135780.00 647 49.5 16.2 1514.4 58.0
AP 90-13 548700.00 2135780.00 699 61.8 19.5 1985.8 64.6
AP 90-14 548700.00 2135780.00 750 62.5 16.6 2140.4 50.5
AP 90-15 548700.00 2135780.00 806 45.0 23.3 2212.2 66.8
AP 90-16 548700.00 2135780.00 849 53.6 17.5 2043.6 53.7
AP 90-17 548700.00 2135780.00 897 56.8 12.7 1926.7 41.4
AP 90-18 548700.00 2135780.00 941 60.5 11.7 1645.4 40.7
AP 90-19 548700.00 2135780.00 980 146.6 8.9 1507.8 30.8
AP 92-1 548680.00 2135780.03 106 2.9 9.6 1144.2 43.6
AP 92-2 548680.00 2135780.03 156 3.8 9.3 1215.5 44.0
AP 92-3 548680.00 2135780.03 200 58.4 10.3 1558.1 42.8
AP 92-4 548680.00 2135780.03 250 41.5 11.7 1321.5 48.3
AP 92-5 548680.00 2135780.03 302 65.8 15.7 1847.0 56.7
AP 92-6 548680.00 2135780.03 357 72.4 13.5 1659.0 46.9
AP 92-7 548680.00 2135780.03 372 99.3 10.9 1513.0 37.1
AP 92-8 548680.00 2135780.03 402 89.8 12.2 2079.9 41.1
AP 92-9 548680.00 2135780.03 457 56.2 10.8 1414.6 42.4
AP 92-10 548680.00 2135780.03 507 47.9 10.1 1344.6 40.4
AP 92-11 548680.00 2135780.03 555 56.0 12.0 1689.4 45.2
AP 92-12 548680.00 2135780.03 604 47.9 12.9 1638.6 43.9
AP 92-13 548680.00 2135780.03 651 53.7 16.0 1896.1 53.7
AP 92-14 548680.00 2135780.03 706 48.2 19.0 2045.3 54.8
AP 92-15 548680.00 2135780.03 754 45.4 18.0 2581.9 50.6
AP 92-16 548680.00 2135780.03 804 16.9 20.1 2113.6 53.4
AP 92-17 548680.00 2135780.03 850 39.3 17.4 2088.2 50.8
AP 93-1 548680.07 2135720.04 105 3.3 12.7 1563.4 55.0
AP 93-2 548680.07 2135720.04 148 4.1 16.5 1836.5 59.9
AP 95-1 548679.92 2135740.05 112 12.1 8.6 1891.0 35.7
AP 95-2 548679.92 2135740.05 156 9.5 9.9 1863.6 38.2
AP 95-3 548679.92 2135740.05 197 7.7 13.5 1994.2 51.8
AP 95-4 548679.92 2135740.05 257 5.2 11.3 1189.6 38.1
AP 95-5 548679.92 2135740.05 323 7.9 13.1 1887.3 41.0
AP 95-6 548679.92 2135740.05 375 6.7 19.6 2101.6 55.6
AP 97-1 548680.05 2135760.01 108 3.2 8.1 1000.5 35.7
AP 97-2 548680.05 2135760.01 150 3.8 8.4 979.9 39.4
AP 97-3 548680.05 2135760.01 200 5.9 10.5 1279.3 44.8
AP 97-4 548680.05 2135760.01 261 7.4 9.9 1592.4 35.7
AP 97-5 548680.05 2135760.01 300 7.1 13.9 1578.4 51.5
AP 97-6 548680.05 2135760.01 340 8.1 10.5 1529.7 32.7
AP 97-7 548680.05 2135760.01 404 8.1 12.9 1614.0 42.9
AP 97-8 548680.05 2135760.01 455 5.9 12.2 1488.1 42.1
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Table D1. Original data from ICP-OES analysis (cont.) 
 
 
 
Table D2. Original data from Mehlich Colorimetry analysis 
 
Sample UTM UTM Depth  ICP-OES ICP-OES ICP-OES ICP-OES
Name East North cm ppm P ppm Sr ppm Ca ppm Ba
AP 97-9 548680.05 2135760.01 502 7.7 13.6 1768.9 45.6
AP 97-10 548680.05 2135760.01 553 7.0 15.4 1780.9 45.6
AP 97-11 548680.05 2135760.01 605 8.2 9.5 1883.9 27.7
AP 97-12 548680.05 2135760.01 655 8.4 15.4 2309.3 43.3
AP 97-13 548680.05 2135760.01 700 7.3 13.6 1907.4 38.4
AP 97-14 548680.05 2135760.01 750 5.6 16.4 2370.6 44.8
AP 97-15 548680.05 2135760.01 799 4.6 18.3 2009.7 53.3
AP 97-16 548680.05 2135760.01 836 4.4 14.4 1903.8 40.5
AP 99-1 548699.97 2135720.10 115 4.4 8.0 1008.0 34.4
AP 99-2 548699.97 2135720.10 155 5.2 14.7 1697.5 60.9
AP 99-3 548699.97 2135720.10 263 4.3 23.0 1510.0 63.5
AP 99-4 548699.97 2135720.10 286 5.4 15.2 1738.1 40.4
Sample UTM UTM Depth Mehlich Mehlich
Name East North cm ppm P ppm PO4
AP 1-1 548520 2135740 107 26.3 81.1
AP 2-1 548519.939 2135719.712 100 59.8 182.5
AP 3-1 548499.954 2135719.900 127 40.8 125.2
AP 3-2 548499.954 2135719.900 119 26.3 79.8
AP 4-1 548500.029 2135739.940 97 21.2 63.6
AP 5-1 548499.986 2135760.027 90 15.5 46.6
AP 6-1 548519.924 2135759.950 110 26.0 81.0
AP 7-1 548506.902 2135737.542 85 11.5 34.6
AP 7-2 548506.902 2135737.542 110 64.3 195.9
AP 7-3 548506.902 2135737.542 140 7.8 24.3
AP 7-4 548506.902 2135737.542 165 0.0 0.0
AP 8-1 548519.841 2135701.365 112 57.6 176.8
AP 8-2 548519.841 2135701.365 120 14.7 46.3
AP 8-3 548519.841 2135701.365 175 86.5 264.4
AP 8-4 548519.841 2135701.365 228 74.5 228.4
AP 8-5 548519.841 2135701.365 267 57.0 176.0
AP 9-1 548540.105 2135701.215 115 36.1 110.3
AP 9-2 548540.105 2135701.215 164 84.7 261.2
AP 9-3 548540.105 2135701.215 169 28.6 86.7
AP 9-4 548540.105 2135701.215 180 8.0 25.0
AP 9-5 548540.105 2135701.215 200 28.6 86.7
AP 9-6 548540.105 2135701.215 223 49.0 150.0
AP 9-7 548540.105 2135701.215 255 71.4 220.4
AP 10-1 548560.035 2135700.233 86 45.5 140.6
AP 11-1 548540.085 2135687.009 97 1.0 4.2
AP 11-2 548540.085 2135687.009 110 75.3 232.0
AP 12-1 548519.738 2135687.544 105 55.9 171.6
AP 12-2 548519.738 2135687.544 121 61.2 186.4
AP 12-3 548519.738 2135687.544 125 80.6 246.6
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Table D2. Original data from Mehlich Colorimetry analysis (cont.) 
 
 
 
Sample UTM UTM Depth Mehlich Mehlich
Name East North cm ppm P ppm PO4
AP 13-1 548500.433 2135687.015 110 89.1 272.3
AP 13-2 548500.433 2135687.015 147 90.0 275.0
AP 13-3 548500.433 2135687.015 139 37.3 115.7
AP 13-4 548500.433 2135687.015 200 16.5 52.4
AP 13-5 548500.433 2135687.015 240 18.0 54.0
AP 13-6 548500.433 2135687.015 308 5.8 18.3
AP 13-7 548500.433 2135687.015 345 2.1 7.2
AP 14-1 548484.027 2135680.532 105 3.0 8.9
AP 14-2 548484.027 2135680.532 150 7.8 23.5
AP 14-3 548484.027 2135680.532 200 0.0 0.0
AP 14-4 548484.027 2135680.532 236 4.9 14.6
AP 15-1 548478.472 2135703.572 79 33.7 102.0
AP 16-1 548482.433 2135720.128 88 1.9 5.8
AP 16-2 548482.433 2135720.128 147 23.0 69.0
AP 16-3 548482.433 2135720.128 158 68.3 207.7
AP 16-4 548482.433 2135720.128 207 3.9 12.7
AP 16-5 548482.433 2135720.128 248 3.9 10.7
AP 16-6 548482.433 2135720.128 325 0.0 0.0
AP 16-7 548482.433 2135720.128 302 9.8 28.4
AP 16-8 548482.433 2135720.128 355 4.1 11.3
AP 16-9 548482.433 2135720.128 409 37.5 114.6
AP 16-10 548482.433 2135720.128 435 9.1 28.3
AP 17-1 548483.194 2135739.954 77 18.4 56.1
AP 17-2 548483.194 2135739.954 95 3.0 9.0
AP 17-3 548483.194 2135739.954 115 5.8 18.3
AP 17-4 548483.194 2135739.954 141 69.6 213.7
AP 17-5 548483.194 2135739.954 200 28.9 88.7
AP 17-6 548483.194 2135739.954 236 8.9 26.7
AP 17-8 548483.194 2135739.954 346 75.2 229.7
AP 17-9 548483.194 2135739.954 396 19.8 60.4
AP 17-10 548483.194 2135739.954 445 21.2 64.4
AP 17-11 548483.194 2135739.954 550 52.5 160.4
AP 17-12 548483.194 2135739.954 606 45.5 139.6
AP 17-13 548483.194 2135739.954 617 3.9 11.8
AP 17-14 548483.194 2135739.954 95 15.5 46.6
AP 18-1 548482.363 2135759.030 95 3.1 9.2
AP 18-2 548482.363 2135759.030 104 13.5 40.6
AP 18-3 548482.363 2135759.030 145 17.8 53.5
AP 18-4 548482.363 2135759.030 206 63.6 193.9
AP 18-5 548482.363 2135759.030 248 32.0 98.0
AP 18-6 548482.363 2135759.030 139 1.0 4.0
AP 44-1 548580.155 2135800.083 98 5.0 16.0
AP 44-2 548580.155 2135800.083 156 16.5 49.5
AP 45-1 548560.037 2135800.007 107 10.8 34.3
AP 45-2 548560.037 2135800.007 159 1.0 2.1
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Table D2. Original data from Mehlich Colorimetry analysis (cont.) 
 
 
 
Sample UTM UTM Depth Mehlich Mehlich
Name East North cm ppm P ppm PO4
AP 46-1 548600.124 2135800.106 99 19.4 58.2
AP 46-2 548600.124 2135800.106 153 36.4 112.1
AP 46-3 548600.124 2135800.106 207 17.0 53.0
AP 46-4 548600.124 2135800.106 250 4.0 10.9
AP 46-5 548600.124 2135800.106 274 5.9 18.8
AP 48-1 548578.713 2135779.928 101 22.9 70.8
AP 48-2 548578.713 2135779.928 148 9.8 30.4
AP 48-3 548578.713 2135779.928 190 46.2 141.3
AP 49-1 548542.35 2135780.512 88 10.8 33.3
AP 50-1 548600.017 2135780.139 100 39.8 123.3
AP 50-2 548600.017 2135780.139 152 0.0 0.0
AP 50-3 548600.017 2135780.139 197 1.0 2.1
AP 50-4 548600.017 2135780.139 255 2.9 7.8
AP 50-5 548600.017 2135780.139 300 2.1 5.2
AP 50-6 548600.017 2135780.139 354 9.0 29.0
AP 50-7 548600.017 2135780.139 392 2.0 8.0
AP 51-1 548559.974 2135779.999 95 11.6 34.7
AP 51-2 548559.974 2135779.999 140 7.0 21.0
AP 51-3 548559.974 2135779.999 205 19.0 57.0
AP 51-4 548559.974 2135779.999 250 0.0 0.0
AP 51-5 548559.974 2135779.999 300 12.9 40.6
AP 51-6 548559.974 2135779.999 345 0.0 1.0
AP 51-7 548559.974 2135779.999 397 0.0 0.0
AP 51-8 548559.974 2135779.999 450 16.7 52.0
AP 51-9 548559.974 2135779.999 495 3.0 9.9
AP 51-10 548559.974 2135779.999 550 28.7 88.1
AP 52-1 548620.117 2135780.317 100 17.5 54.4
AP 52-2 548620.117 2135780.317 153 1.0 3.1
AP 52-3 548620.117 2135780.317 201 23.5 72.5
AP 52-4 548620.117 2135780.317 229 19.4 60.2
AP 53-1 548560.075 2135790.184 109 17.9 55.8
AP 53-2 548560.075 2135790.184 149 22.0 68.0
AP 54-1 548640.029 2135779.98 47 59.8 183.3
AP 55-1 548620.159 2135800.066 96 3.8 10.5
AP 55-2 548620.159 2135800.066 163 37.4 114.1
AP 55-3 548620.159 2135800.066 199 64.6 196.9
AP 55-4 548620.159 2135800.066 206 65.3 201.0
AP 56-1 548659.83 2135779.959 101 57.6 175.8
AP 56-2 548659.83 2135779.959 153 1.0 2.1
AP 56-3 548659.83 2135779.959 204 7.0 21.0
AP 56-4 548659.83 2135779.959 246 71.9 219.8
AP 56-5 548659.83 2135779.959 298 0.0 0.0
AP 56-6 548659.83 2135779.959 337 31.0 94.0
AP 57-1 548640.191 2135799.957 108 2.9 8.7
AP 59-1 548659.955 2135799.95 100 0.0 0.0
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Table D2. Original data from Mehlich Colorimetry analysis (cont.) 
 
 
 
Sample UTM UTM Depth Mehlich Mehlich
Name East North cm ppm P ppm PO4
AP 59-2 548659.955 2135799.95 159 0.0 0.0
AP 59-3 548659.955 2135799.95 207 1.0 3.0
AP 60-1 548660.138 2135760.16 107 99.0 0.0
AP 60-2 548660.138 2135760.16 154 8.2 24.5
AP 60-3 548660.138 2135760.16 202 5.8 17.5
AP 60-4 548660.138 2135760.16 256 51.5 156.7
AP 60-5 548660.138 2135760.16 304 19.0 57.0
AP 60-6 548660.138 2135760.16 358 37.4 113.1
AP 60-7 548660.138 2135760.16 402 43.6 134.7
AP 60-8 548660.138 2135760.16 453 54.9 166.7
AP 60-9 548660.138 2135760.16 505 42.9 131.6
AP 60-10 548660.138 2135760.16 553 64.1 195.1
AP 60-11 548660.138 2135760.16 603 49.5 151.4
AP 60-12 548660.138 2135760.16 - 63.1 193.2
AP 70-1 548659.501 2135739.92 107 42.2 127.5
AP 70-2 548659.501 2135739.92 153 50.5 156.7
AP 70-3 548659.501 2135739.92 208 6.3 20.8
AP 70-4 548659.501 2135739.92 253 17.8 54.5
AP 70-5 548659.501 2135739.92 297 48.0 148.0
AP 70-6 548659.501 2135739.92 349 52.9 161.8
AP 71-1 548700.129 2135799.975 100 0.0 0.0
AP 71-2 548700.129 2135799.975 146 3.0 9.1
AP 71-3 548700.129 2135799.975 204 43.3 133.7
AP 71-4 548700.129 2135799.975 243 44.0 136.0
AP 71-5 548700.129 2135799.975 305 51.9 158.7
AP 71-6 548700.129 2135799.975 341 68.7 211.1
AP 71-7 548700.129 2135799.975 401 32.0 99.0
AP 71-8 548700.129 2135799.975 454 56.6 172.7
AP 73-1 548691.526 2135798.172 100 1.0 2.0
AP 73-2 548691.526 2135798.172 150 37.1 114.4
AP 73-3 548691.526 2135798.172 200 9.0 28.0
AP 73-4 548691.526 2135798.172 250 15.5 48.5
AP 73-5 548691.526 2135798.172 295 9.9 30.7
AP 73-6 548691.526 2135798.172 350 25.7 80.2
AP 73-7 548691.526 2135798.172 400 30.4 94.1
AP 73-8 548691.526 2135798.172 450 11.1 32.3
AP 73-9 548691.526 2135798.172 498 0.0 0.0
AP 73-10 548691.526 2135798.172 555 63.6 193.9
AP 73-12 548691.526 2135798.172 647 8.1 23.2
AP 73-13 548691.526 2135798.172 700 44.7 138.8
AP 73-14 548691.526 2135798.172 740 17.3 53.1
AP 82-1 548660.01 2135720.052 109 2.1 7.2
AP 82-2 548660.01 2135720.052 156 17.3 51.9
AP 82-3 548660.01 2135720.052 214 10.1 31.3
AP 82-4 548660.01 2135720.052 257 51.5 157.4
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Table D2. Original data from Mehlich Colorimetry analysis (cont.) 
 
 
 
Sample UTM UTM Depth Mehlich Mehlich
Name East North cm ppm P ppm PO4
AP 82-5 548660.01 2135720.052 307 31.6 98.0
AP 82-6 548660.01 2135720.052 361 31.3 94.9
AP 82-7 548660.01 2135720.052 403 61.0 188.0
AP 84-1 548699.963 2135740.028 99 26.7 81.2
AP 84-2 548699.963 2135740.028 150 48.1 149.0
AP 84-3 548699.963 2135740.028 198 23.8 73.3
AP 84-4 548699.963 2135740.028 250 0.0 0.0
AP 84-5 548699.963 2135740.028 290 34.0 102.9
AP 84-6 548699.963 2135740.028 357 28.7 87.1
AP 86-1 548699.997 2135760.095 98 52.1 160.4
AP 86-2 548699.997 2135760.095 146 38.4 118.2
AP 86-3 548699.997 2135760.095 206 36.0 110.0
AP 86-4 548699.997 2135760.095 253 54.5 166.3
AP 86-5 548699.997 2135760.095 302 46.5 141.6
AP 86-6 548699.997 2135760.095 351 33.0 102.1
AP 86-7 548699.997 2135760.095 399 27.2 83.5
AP 86-8 548699.997 2135760.095 451 33.7 102.0
AP 86-9 548699.997 2135760.095 507 0.0 0.0
AP 86-10 548699.997 2135760.095 553 38.8 119.4
AP 86-11 548699.997 2135760.095 600 25.5 78.4
AP 86-12 548699.997 2135760.095 661 35.6 109.6
AP 86-13 548699.997 2135760.095 693 66.7 205.1
AP 90-1 548700 2135780 103 38.1 117.5
AP 90-2 548700 2135780 153 29.1 90.3
AP 90-3 548700 2135780 203 32.4 98.0
AP 90-4 548700 2135780 265 45.8 139.6
AP 90-5 548700 2135780 299 49.0 150.0
AP 90-6 548700 2135780 355 70.7 218.2
AP 90-7 548700 2135780 401 48.5 148.5
AP 90-8 548700 2135780 445 25.2 75.7
AP 90-9 548700 2135780 504 19.4 59.2
AP 90-10 548700 2135780 551 25.0 76.0
AP 90-11 548700 2135780 604 33.7 103.1
AP 90-12 548700 2135780 647 25.0 76.0
AP 90-13 548700 2135780 699 49.5 152.6
AP 90-14 548700 2135780 750 16.5 52.6
AP 90-15 548700 2135780 806 31.0 95.0
AP 90-16 548700 2135780 849 15.7 48.0
AP 90-17 548700 2135780 897 46.5 143.4
AP 90-18 548700 2135780 941 26.5 82.4
AP 90-19 548700 2135780 980 52.6 162.9
AP 92-1 548680.002 2135780.031 106 3.9 13.6
AP 92-2 548680.002 2135780.031 156 10.1 29.3
AP 92-3 548680.002 2135780.031 200 6.7 21.2
AP 92-4 548680.002 2135780.031 250 47.0 144.0
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Table D2. Original data from Mehlich Colorimetry analysis (cont.) 
 
 
 
Sample UTM UTM Depth Mehlich Mehlich
Name East North cm ppm P ppm PO4
AP 92-5 548680.002 2135780.031 302 0.0 0.0
AP 92-6 548680.002 2135780.031 357 27.6 85.7
AP 92-7 548680.002 2135780.031 372 57.3 174.8
AP 92-8 548680.002 2135780.031 402 39.0 118.0
AP 92-9 548680.002 2135780.031 457 46.6 141.7
AP 92-10 548680.002 2135780.031 507 54.9 167.6
AP 92-11 548680.002 2135780.031 555 37.3 114.7
AP 92-12 548680.002 2135780.031 604 62.4 190.1
AP 92-13 548680.002 2135780.031 651 66.3 203.1
AP 92-14 548680.002 2135780.031 706 52.0 158.0
AP 92-15 548680.002 2135780.031 754 66.0 203.0
AP 92-16 548680.002 2135780.031 804 70.7 216.2
AP 92-17 548680.002 2135780.031 850 82.7 255.1
AP 93-1 548680.066 2135720.042 105 2.0 5.1
AP 93-2 548680.066 2135720.042 148 19.4 60.2
AP 95-1 548679.923 2135740.05 112 40.0 124.0
AP 95-2 548679.923 2135740.05 156 30.7 93.1
AP 95-3 548679.923 2135740.05 197 5.1 15.3
AP 95-4 548679.923 2135740.05 257 2.0 5.1
AP 95-5 548679.923 2135740.05 323 2.9 9.8
AP 95-6 548679.923 2135740.05 375 48.0 146.9
AP 97-1 548680.051 2135760.01 108 4.0 12.0
AP 97-2 548680.051 2135760.01 150 11.3 34.0
AP 97-3 548680.051 2135760.01 200 1.0 2.0
AP 97-4 548680.051 2135760.01 261 39.8 121.4
AP 97-5 548680.051 2135760.01 300 59.2 180.6
AP 97-6 548680.051 2135760.01 340 55.0 169.0
AP 97-7 548680.051 2135760.01 404 38.1 116.5
AP 97-8 548680.051 2135760.01 455 64.3 198.0
AP 97-9 548680.051 2135760.01 502 85.4 263.1
AP 97-10 548680.051 2135760.01 553 39.6 134.7
AP 97-11 548680.051 2135760.01 605 70.7 216.2
AP 97-12 548680.051 2135760.01 655 64.6 199.0
AP 97-13 548680.051 2135760.01 700 24.0 73.1
AP 97-14 548680.051 2135760.01 750 56.7 174.2
AP 97-15 548680.051 2135760.01 799 70.3 215.8
AP 97-16 548680.051 2135760.01 836 71.4 218.4
AP 99-1 548699.973 2135720.102 115 18.4 55.1
AP 99-2 548699.973 2135720.102 155 28.3 87.9
AP 99-3 548699.973 2135720.102 263 33.0 101.9
AP 99-4 548699.973 2135720.102 286 9.0 29.0
AP 108-1 548470.708 2135711.483 110 70.5 217.1
AP 108-2 548470.708 2135711.483 155 76.8 236.4
AP 109-1 548474.541 2135760.03 100 0.0 0.0
AP 110-1 548465.449 2135716.398 100 45.5 139.6
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Table D2. Original data from Mehlich Colorimetry analysis (cont.) 
 
 
 
Table D3. Original data from pXRF analysis 
 
 
 
Sample UTM UTM Depth Mehlich Mehlich
Name East North cm ppm P ppm PO4
AP 111-1 548475.411 2135739.947 100 0.0 0.0
AP 111-2 548475.411 2135739.947 155 22.7 71.1
AP 112-1 548457.831 2135711.231 110 0.0 0.0
AP 112-2 548457.831 2135711.231 155 23.5 73.5
AP 112-3 548457.831 2135711.231 196 62.7 191.2
AP 112-4 548457.831 2135711.231 248 51.0 155.8
AP 113-1 548477.035 2135719.987 77 33.3 101.0
AP 114-1 548441.845 2135710.604 93 17.3 54.1
AP 114-2 548441.845 2135710.604 148 0.0 0.0
Sample UTM UTM Depth pXRF pXRF pXRF pXRF
Name East North cm relative values of P ppm Sr relative values Ca ppm Ba
AP 44-1 548580.155 2135800.083 98 166 544 57755 2675
AP 44-2 548580.155 2135800.083 156 271 558 68143 2527
AP 45-1 548560.037 2135800.007 107 160 492 55787 1973
AP 45-2 548560.037 2135800.007 159 197 522 59208 2203
AP 46-1 548600.124 2135800.106 99 201 527 59567 2526
AP 46-2 548600.124 2135800.106 153 144 609 67924 2633
AP 46-3 548600.124 2135800.106 207 222 426 62291 1951
AP 46-4 548600.124 2135800.106 250 179 430 59451 1956
AP 46-5 548600.124 2135800.106 274 308 490 63047 2500
AP 48-1 548578.713 2135779.928 101 265 522 54736 2029
AP 48-2 548578.713 2135779.928 148 162 746 71778 3724
AP 48-3 548578.713 2135779.928 190 219 587 61827 3020
AP 50-1 548600.017 2135780.139 100 52 537 64335 2244
AP 50-2 548600.017 2135780.139 152 272 524 60260 2277
AP 50-3 548600.017 2135780.139 197 158 479 58831 2077
AP 50-4 548600.017 2135780.139 255 128 533 63502 2340
AP 50-5 548600.017 2135780.139 300 183 590 61576 2325
AP 50-6 548600.017 2135780.139 354 201 314 60141 1411
AP 50-7 548600.017 2135780.139 392 152 527 69489 2893
AP 51-1 548559.974 2135779.999 95 284 530 59018 2202
AP 51-2 548559.974 2135779.999 140 246 677 71401 2834
AP 51-3 548559.974 2135779.999 205 435 683 68079 2699
AP 51-4 548559.974 2135779.999 250 348 608 70927 2361
AP 51-5 548559.974 2135779.999 300 214 589 64713 2405
AP 51-6 548559.974 2135779.999 345 208 562 53793 2154
AP 51-7 548559.974 2135779.999 397 189 442 51046 1589
AP 51-8 548559.974 2135779.999 450 199 476 61906 2112
AP 51-9 548559.974 2135779.999 495 296 369 57496 1451
AP 51-10 548559.974 2135779.999 550 219 147 34743 654
AP 52-1 548620.117 2135780.317 100 155 541 57228 2769
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Table D3. Original data from pXRF analysis (cont.) 
 
 
 
Sample UTM UTM Depth pXRF pXRF pXRF pXRF
Name East North cm relative values of P ppm Sr relative values Ca ppm Ba
AP 52-2 548620.117 2135780.317 153 243 551 64106 2404
AP 52-3 548620.117 2135780.317 201 297 536 64819 2356
AP 52-4 548620.117 2135780.317 229 201 561 73417 2477
AP 53-1 548560.075 2135790.184 109 278 453 51552 2312
AP 53-2 548560.075 2135790.184 149 722 484 59081 2426
AP 55-1 548620.159 2135800.066 96 235 564 63388 2364
AP 55-2 548620.159 2135800.066 163 230 620 75101 2895
AP 55-3 548620.159 2135800.066 199 240 557 83409 2140
AP 55-4 548620.159 2135800.066 206 296 416 86483 1854
AP 56-1 548659.83 2135779.959 101 298 673 69208 2820
AP 56-2 548659.83 2135779.959 153 167 694 67871 2824
AP 56-3 548659.83 2135779.959 204 193 664 68172 3351
AP 56-4 548659.83 2135779.959 246 252 639 72095 2710
AP 56-5 548659.83 2135779.959 298 187 662 70955 3086
AP 56-6 548659.83 2135779.959 337 229 588 64322 2504
AP 57-1 548640.191 2135799.957 108 232 542 63688 2060
AP 59-1 548659.955 2135799.95 100 167 625 57192 3256
AP 59-2 548659.955 2135799.95 159 145 639 64650 2680
AP 59-3 548659.955 2135799.95 207 307 571 59982 2476
AP 60-1 548660.138 2135760.16 107 192 392 49256 2090
AP 60-2 548660.138 2135760.16 154 161 585 69115 2286
AP 60-3 548660.138 2135760.16 202 276 596 64273 3202
AP 60-4 548660.138 2135760.16 256 339 594 64065 2889
AP 60-5 548660.138 2135760.16 304 335 591 64950 2443
AP 60-6 548660.138 2135760.16 358 223 581 56084 2190
AP 60-7 548660.138 2135760.16 402 418 538 66611 2064
AP 60-8 548660.138 2135760.16 453 367 569 68362 2376
AP 60-9 548660.138 2135760.16 505 293 672 62682 3027
AP 60-10 548660.138 2135760.16 553 341 637 63370 2786
AP 60-11 548660.138 2135760.16 603 249 619 57024 2376
AP 70-1 548659.501 2135739.92 107 221 574 53961 2630
AP 70-2 548659.501 2135739.92 153 295 652 67412 2965
AP 70-3 548659.501 2135739.92 208 216 551 58499 1994
AP 70-4 548659.501 2135739.92 253 174 576 54085 2479
AP 70-5 548659.501 2135739.92 297 147 532 54529 2144
AP 70-6 548659.501 2135739.92 349 280 534 49211 2222
AP 71-1 548700.129 2135799.975 100 176 686 61792 3037
AP 71-2 548700.129 2135799.975 146 216 629 60091 2734
AP 71-3 548700.129 2135799.975 204 167 591 62813 2977
AP 71-4 548700.129 2135799.975 243 270 587 60125 2697
AP 71-5 548700.129 2135799.975 305 165 663 66612 3080
AP 71-6 548700.129 2135799.975 341 153 605 63818 2589
AP 71-7 548700.129 2135799.975 401 90 492 53301 2148
AP 71-8 548700.129 2135799.975 454 158 546 64158 2310
AP 73-1 548691.526 2135798.172 100 352 610 70547 3249
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Table D3. Original data from pXRF analysis (cont.) 
 
 
 
Sample UTM UTM Depth pXRF pXRF pXRF pXRF
Name East North cm relative values of P ppm Sr relative values Ca ppm Ba
AP 73-2 548691.526 2135798.172 150 223 636 62195 2919
AP 73-3 548691.526 2135798.172 200 197 588 62674 2546
AP 73-4 548691.526 2135798.172 250 166 648 70084 3100
AP 73-5 548691.526 2135798.172 295 129 622 63096 2929
AP 73-6 548691.526 2135798.172 350 202 669 56847 2644
AP 73-7 548691.526 2135798.172 400 267 605 61303 2716
AP 73-8 548691.526 2135798.172 450 139 589 55688 2347
AP 73-9 548691.526 2135798.172 498 303 574 59859 2514
AP 73-10 548691.526 2135798.172 555 282 664 57849 2586
AP 73-12 548691.526 2135798.172 647 276 560 59972 2327
AP 73-13 548691.526 2135798.172 700 233 462 58505 2443
AP 73-14 548691.526 2135798.172 740 281 230 49736 1014
AP 82-1 548660.01 2135720.052 109 258 644 68182 2580
AP 82-2 548660.01 2135720.052 156 243 595 67342 2554
AP 82-3 548660.01 2135720.052 214 179 653 73353 2732
AP 82-4 548660.01 2135720.052 257 213 640 83257 2361
AP 82-5 548660.01 2135720.052 307 195 457 78992 1873
AP 82-6 548660.01 2135720.052 361 206 456 79212 2399
AP 82-7 548660.01 2135720.052 403 218 617 49187 2732
AP 84-1 548699.963 2135740.028 99 290 538 56983 2025
AP 84-2 548699.963 2135740.028 150 218 600 51970 2401
AP 84-3 548699.963 2135740.028 198 267 610 57326 2642
AP 84-4 548699.963 2135740.028 250 150 480 44079 2196
AP 84-5 548699.963 2135740.028 290 308 546 52461 2328
AP 84-6 548699.963 2135740.028 357 286 494 53975 2067
AP 86-1 548699.997 2135760.095 98 261 675 62155 3126
AP 86-2 548699.997 2135760.095 146 184 715 60604 3003
AP 86-3 548699.997 2135760.095 206 91 623 57475 2431
AP 86-4 548699.997 2135760.095 253 232 603 62785 2766
AP 86-5 548699.997 2135760.095 302 214 607 55275 2960
AP 86-6 548699.997 2135760.095 351 268 672 61299 2946
AP 86-7 548699.997 2135760.095 399 76 563 50284 2622
AP 86-8 548699.997 2135760.095 451 186 507 53937 2063
AP 86-9 548699.997 2135760.095 507 257 563 56463 2794
AP 86-10 548699.997 2135760.095 553 383 592 62356 2428
AP 86-11 548699.997 2135760.095 600 283 647 60253 3362
AP 86-12 548699.997 2135760.095 661 410 736 65881 3258
AP 86-13 548699.997 2135760.095 693 353 613 58712 2917
AP 90-1 548700 2135780 103 103 511 60466 2382
AP 90-2 548700 2135780 153 92 590 61930 2395
AP 90-3 548700 2135780 203 224 602 66004 2423
AP 90-4 548700 2135780 265 215 643 57436 3078
AP 90-5 548700 2135780 299 192 542 62956 2501
AP 90-6 548700 2135780 355 186 528 59318 2430
AP 90-7 548700 2135780 401 199 534 62786 2544
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Table D3. Original data from pXRF analysis (cont.) 
 
 
 
Sample UTM UTM Depth pXRF pXRF pXRF pXRF
Name East North cm relative values of P ppm Sr relative values Ca ppm Ba
AP 90-8 548700 2135780 445 210 474 55065 2248
AP 90-9 548700 2135780 504 232 476 58705 2312
AP 90-10 548700 2135780 551 277 554 57941 2582
AP 90-11 548700 2135780 604 308 496 59451 1944
AP 90-12 548700 2135780 647 258 467 65071 2151
AP 90-13 548700 2135780 699 198 502 51727 1784
AP 90-14 548700 2135780 750 408 502 59782 1743
AP 90-15 548700 2135780 806 273 422 57182 1579
AP 90-16 548700 2135780 849 182 461 59969 1817
AP 90-17 548700 2135780 897 214 416 52387 1501
AP 90-18 548700 2135780 941 169 482 55546 1600
AP 90-19 548700 2135780 980 176 729 66441 1994
AP 92-1 548680.002 2135780.031 106 178 545 64515 2444
AP 92-2 548680.002 2135780.031 156 174 571 60030 2531
AP 92-3 548680.002 2135780.031 200 304 674 64387 2684
AP 92-4 548680.002 2135780.031 250 117 612 64632 2821
AP 92-5 548680.002 2135780.031 302 214 572 65795 2401
AP 92-6 548680.002 2135780.031 357 170 635 64773 2774
AP 92-7 548680.002 2135780.031 372 249 689 68124 2700
AP 92-8 548680.002 2135780.031 402 217 581 66676 2461
AP 92-9 548680.002 2135780.031 457 300 506 64106 1943
AP 92-10 548680.002 2135780.031 507 291 517 72002 2502
AP 92-11 548680.002 2135780.031 555 390 621 68440 2535
AP 92-12 548680.002 2135780.031 604 361 635 75819 3022
AP 92-13 548680.002 2135780.031 651 426 605 72754 2579
AP 92-14 548680.002 2135780.031 706 239 636 75083 2748
AP 92-15 548680.002 2135780.031 754 289 583 73977 2689
AP 92-16 548680.002 2135780.031 804 315 423 69055 1779
AP 92-17 548680.002 2135780.031 850 405 602 75116 2707
AP 93-1 548680.066 2135720.042 105 79 534 44729 2283
AP 93-2 548680.066 2135720.042 148 220 531 47395 2096
AP 95-1 548679.923 2135740.05 112 149 541 50559 2226
AP 95-2 548679.923 2135740.05 156 207 625 58830 2628
AP 95-3 548679.923 2135740.05 197 215 513 66187 2445
AP 95-4 548679.923 2135740.05 257 204 579 58273 2482
AP 95-5 548679.923 2135740.05 323 145 465 61715 2053
AP 95-6 548679.923 2135740.05 375 234 499 44503 2349
AP 97-1 548680.051 2135760.01 108 211 580 57369 2381
AP 97-2 548680.051 2135760.01 150 243 613 55966 2212
AP 97-3 548680.051 2135760.01 200 176 635 59583 3179
AP 97-4 548680.051 2135760.01 261 206 653 64241 2780
AP 97-5 548680.051 2135760.01 300 254 593 67555 2556
AP 97-6 548680.051 2135760.01 340 365 565 62035 2249
AP 97-7 548680.051 2135760.01 404 270 502 50277 2051
AP 97-8 548680.051 2135760.01 455 214 529 46841 2442
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Table D3. Original data from pXRF analysis (cont.) 
 
 
 
Sample UTM UTM Depth pXRF pXRF pXRF pXRF
Name East North cm relative values of P ppm Sr relative values Ca ppm Ba
AP 97-9 548680.051 2135760.01 502 285 565 60768 2417
AP 97-10 548680.051 2135760.01 553 347 589 64157 2734
AP 97-11 548680.051 2135760.01 605 357 525 61349 2211
AP 97-12 548680.051 2135760.01 655 388 571 56277 2600
AP 97-13 548680.051 2135760.01 700 283 639 54505 2866
AP 97-14 548680.051 2135760.01 750 345 560 63248 2382
AP 97-15 548680.051 2135760.01 799 254 522 71067 1997
AP 97-16 548680.051 2135760.01 836 364 576 66753 2260
AP 99-1 548699.973 2135720.102 115 218 555 52700 2608
AP 99-2 548699.973 2135720.102 155 223 563 66838 2333
AP 99-3 548699.973 2135720.102 263 246 531 53808 2667
AP 99-4 548699.973 2135720.102 286 295 423 51751 1871
